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1. 
CHAPTER l. 
GENERAL INTRODUCTION 
(a) GENERAL PROPERTIES AND NOMENCLATURE OF PHOSPHOLIPIDS. 
Lipids as a class are much less uniform in their structural 
make-up than other classes of biologically important substances such 
as proteins, nucleotides and carbohydrates. This is particularly 
true of the phospholipids which have structural affinities with 
proteins and carbohydrates on the one hand and more characteristic 
lipids such as neutral fats and waxes on the other. Fats are 
often described as being insoluble in water and soluble in "fat 
solvents", for example, diethyl ether, petroleUlll ether, chloroform, 
acetone; this criterion breaks down with the phospholipid~ of 
which sphingomyelin is insoluble in ether and petroleum ether and 
cephalin and phosphatidic acid will form clear solutions in water 
at suitable pH. 
All naturally occurring phospholipids contain a long-chain 
2. 
residua w~ich may be in e acetal or amide V.li th 
the rest of the EiOlec;_;1e~> Orthophosphoric acid and either 
acid.s or fatty aldehydes are obtained upor~ hyd 
1. Phoanhoglycerides. 
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(Feulgen and Voit, 1924) which has been crystallised (Thannhauser, 
Boncoddo and Schmidt, 1951) but this is now believed to be an artefact 
(Baer and Stancer, 1953). Klenk and Debuch (1954) have suggested an 
alternative hemiacetal structure, which will be discussed in the 
concluding chapter. 
3. Sphingolipide. 
Carter, Haines, Ledyard and Norris (1947) suggested the name 
"sphingolipides 11 for the group of lipids which contain the :fatty 
amine sphingosine. O:f the two best known representatives of this 
class, only sphingomyelin (VI) is in accord with the definition of 
a phospholipid given above. Cerebroside (VII) contains neither 
glycerol nor phosphoric acid but is characterised by a sugar in 
combination with a long chain 2 -amino, 1,3 - diol. Carter and 
Greenwood (1952) have recently shown that the sugar is attached at 
the terminal carbon atom of sphingosine. Fischer (1954) has proposed 
the generic terms "phospr!'gylceratid" for phosphoglyceride, 
11phosphosphingamide" :for sphingomyelin and "sphingoglyooside" :for 
cerebroside. 
The classical term "cephalin" is used in this thesis 
synonymously with 11aminophospholipid", that is, phospholipids 
possessing a free amino group. 
(b) The Isolation and Determination o:f Phospholipids. 
1. Isolation and Determination of Total Phospholipids. 
For complete extraction o:f phospholipids :from tissues, a 

5. 
:w.ve described a !:1(Jthod for the tior 
s b2 .. sed upon the observation of Bloor (1929) that 
:in acetone~ 
Further which may be ed to the acetone-
these effects a tative 
p O" of s enrichad with a 
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tidyl ser::Lne from brain fat .. 
The long established use of these procedUX'EH1 has 1e;d to the beJ.ief 
that the overe.1l on of the of tissues, for 
may be :i.nfHr:red fror:: ths.t of the alcohol-:Lnsoluble 
belief is pes er:r·o:neous s:i.rtce i ·t take.s nc; acccunt of thD 
in the alcohol-soluble f'r-actto:n~ 
A :recent review by Ho1man (19 ) shov;s thctt t:he cbro:ns.t 
of fe.tty acids, fat soluble vitc..mins, , ste~rols, 
etc .. is ;ve11 BE3tabli.shed. 
The of phospholipids has been found difficult, 
to theil'"' inBtability and the tenacity with which adhere 
even to weak adsox·benta., Do procedure whicl: allows rscovery of all 
of a total lipid extrac:t ha:3 
br~H~n found* Indeed it is doubtful whether this t·ti1J eveT be 
6. 
achieved, in view of the complexity of native phospholipid mixtures. 
The most that has been done to recover one species with the loss of 
the remainder. Trappe (1941) employed alumina for the removal of 
phospholipids and fatty acids from lipid extracts. The 
phospholipids were not recovered. Chromatography has been used 
to remove cerebrosides in the purification of sphingomyelin 
(Thannhauser, Setz and Benotti, 1938), for the purification of 
cerebrosides (Klenk, 1942) and of gangliosides (Klenk and Rennkamp, 
1942). Chromatography on hydrated magnesium silicate has been 
applied to the preparation of the component of beef heart lecithin 
which is serologically active in the diagnosis of syphilis (Rice 
and Oster, 1951). These procedures have not been widely adopted and 
must be regarded as merely pointers to the possibilities. Taurog, 
Entenmann, Fries and Chaikoff (1944) on the other hand, developed 
a simple and efficient method of the separation of the choline-
containing phospholipids which has been adopted by other workers. 
In this method, the total phospholipids are adsorbed on to 
magnesium oxide from petroleum ether solution and the choline-
containing phospholipids are eluted with methenol. However, the 
remainder of the phospholipids cannot be eluted. This is the only 
isolation procedure which has been adopted as a quantitative 
analytical method. 
A pure lecithin with two unsaturated fatty acids in the 
molecule (dipalmi toleyl-L- <l( -glyoeryl-phosphorylcholine) was 
7. 
isolated for the first time by chromatogre.phy on alumina by 
Hanahan and Ja"'ko in 1952 and there is a recent report of the 
isolation of ege yolk cephalin from silica (I,ea, Rhodes and Stoll, 
1955). A combination of solvent fra,ctionation and chromatogra,?hY 
on silica, gel enabled McKibbin and ':Paylor (1952) to isolate a 
hitherto unknown phospholipid which they called "polyglycerol 
phosphe,tide". 
Paper chromatog:mphy has been used successfully in the 
separation of phosphatidyl ethanolamine and phosphatidyl serine by 
Amelung and BBhm (1954) and of lecithin from lysolecithin by Lea, 
Rhodes and Stoll (1955). Vlhi.lo this method works satisfactorily 
with simple mixtures of purified phospholipids, there is no report 
o:f its successful application to total phospholipid preparations. 
Recently, Marinetti and Stotz (1955) who used the method of 
Amelung and B~hm (1954), were unable to effect a resolution of 
the total phospholipids of rat ti,ssues. Thj s is not surprising in 
view of the lack of success of counter-current distribution in 
separating the ma,ior phospholipids o:f a total lipid extract. 
(Cole, I,athe and Ruthven, 1953; Lovern, 1952). The results of 
counter-current distribution emphasise both ths complexity o:f native 
phospholipid mixtures a!ld the occurrence of a large number of 
unidentifieli forms (Garcia, Lovern and Olley, 1956). 
It may be appreciated from the brie:f account given above that 
attempts a"t the quantitative isolation of pure p:tospholiyids from a 
8. 
from a complete extract are still at an exploratory stage. Much of 
the work quoted requires confirmation and there is considerable 
scope for further research into methods of isolation. 
Determination of a Characteristic Fragment. 
The phospholipid composition of a lipid extract is usually 
determined by degradation to the characteristic structural units of 
the known phospholipid components. For example, lecithin and 
sphingomyelin are degraded to choline, cephalin to ethanolamine 
and serine; cerebrosides and sphingomyelin may be determined as 
sphingosine and the former also as sugar liberated on hydrolysis. 
Inositol-containing phospholipids are determined as inositol and 
plasmalogens as aldehyde. 
Degradation is invariably effected by acid or alkaline 
hydrolysis. Extraction of the neutral aqueous hydrolysate with 
ether separates the products of hydrolysis into ether-soluble 
(fatty acids, fatty aldehydes, sphingosine, etc) and water-
soluble (glyceryl phosphate, bases, sugar, inositol, etc.) 
fractions. The conditions of hydrolysis vary according to the 
fragment to be determined. The acetal structure is very labile 
to acid and pharmal determination is carried out after hydrolysis 
of the plasmalogens in glacial acetic acid at room temperature in 
the presence of mercuric chloride which is a catalyst. The weak 
bases containing free amino groups are liberated after less than 
' half an hours refluxing in constant boiling (6 !) hydrochloric acid; 
9. 
however, the strongly basic choline residue requires at least 
twelve hours refluxing in constant boiling hydrochloric acid 
for quantitative liberation. Inositol diphosphate is fairly readily 
liberated from phospholipids on acid hydrolysis, but quantitative 
conversion to free inositol in which form it may be determined 
microbiologically (Beadle, 1944) requires very lengthy hydrolysis 
(Brante, 1949). 
The determination of choline, ethanolamine and serine will 
be the subject of Chapters 3 and 4; plasmalogen determinations 
are included in Chapter 6. 
Sphingomyelin has been determined by a method which depends 
upon its resistance to hydrolysis (Schmidt, Benetti, Hershman 
and Thannhauser, 1946) as compared with glycerolphospholipids. 
This analysis is best carried out on a methanol eluate from 
magnesium oxide (method of Taurog and others, 1944, for isolation 
of choline-containing phospholipids) since unidentified phospholipids 
which do not contain choline have been found to interfere with the 
method (Brante, 1949; Dawson, l954a). A more direct method for the 
determination of sphingomyelin is based on the formation of the 
N-succinyl derivative of sphingosine, which can be chromatographed 
and titrated with alkali as described by Wittenberg (1955). 
Cerebrosides are a minor component of most lipid extracts and 
can be determined reliably only after some preliminary purification. 
A recent publication described a chromatographic purification by 
10. 
means of a mixed bed of ion-exchange resins. The purified cerebrosides 
are then estimated colourimetrically with the anthrone reagent for 
sugars (Radin, Lavin and Brown, 1955). 
(c) Objects of the Present Investigation. 
Phospholipids are recognised as a structural element of cell 
membranes and organelles such a mitochondria. In mi.tochondria 
phospholipids account for about one fifth of the dry weight 
(Barnum and Huseby, 1948; Swanson and Artom, 1950; Levine and 
Chargaff, 1952). It is very probable that they play an important 
part in the enzymatic activities of mitochondria by specific 
orientation of the proteins. Slater (1953) has implied such a role 
for phospholipids in electron transport but there is little direct 
evidence for such a function apart from the report that succinoxidase 
is inactivated by a lecithinase (Goodwin and Waygood, 1954). 
The main lines of biochemical research on phospholipids have 
been concerned with pathways o~ synthesis and breakdown. These 
problems can be dealt with by the isolation of water-soluble 
precursons such as the phosphorylated base, glycerylphosphoryl base, 
etc. Dawson (1954b and 1954c) has made outstanding contributions to 
this field. However, in order to make an effective study of the 
role o~ phospholipids once they are formed in mitochondria, cell 
membranes, plasma lipoproteins, etc., techniques must be av~ilable 
for the isolation on a micro scale of samples of individual 
phospholipids of uniform composition (neglecting the fatty acid 
11. 
portion). 
The present work was commenced in 1953 with the ul tima,te aim 
of learning something about the role of preformed phospholipids 
within the cell. Since phospholipids are a universal part of the 
architecture of cell membranes and inclusions, the problem is a 
structural one as much as functional. Although degradative methods 
have provided important information about the synthesis and catabolism 
of phospholipids (Dawson, 1955), one can only speculate about the 
part performed by phospholipids in the maintenance of vital 
processes, such oxidative phosphorylation. For example, one can 
think of the acidic groups associated with the phosphorus and the 
terminal carbon of serine being involved in transient esterification 
reactions in situ. This possibility might have been examined by use 
of the 018 technique of Cohn (1953) had time permitted. However, for 
this and other possible approaches, isolation of the phsopholipid in 
a pure form is desirable as a first step. 
Moreover, degradative methods for the analysis of phospholipids 
take no account of possible complex arrangement of the fragments in 
the parent molecule. In view of increasing evidence of the complexity 
of phospholipids (which will be discussed in later chapters), a 
sounder approach to metabolic studies would be the formation of an 
identifiable derivative of the native phsopholipid under conditions 
mild enough not to prejudice the stability of labile linkages which 
may be present. The derivative should have a well-defined absorption 
12. 
spectrum so that it might be estimated by spectrophotometry and 
preferably be coloured, so as to facilitate chromatography. 
To implement this idea, cephalin was chosen for the following 
reasons. (a) Previous attempts (Borgstr6m 1s, 1952 1 was the most 
recent) to chromatograph native cephalin were unsuccessful. (b) 
Cephalin possesses a reactive free amino group which should be 
readily acylated, thereby abolishing the positive charge on the 
amino group and perhaps facilitating its recovery from adsorbents. 
Choline-containing phospholipids on the other hand, could not be 
essentially modified without disruption of the whole molecule. 
Fluoro-2,4-dinitrobenzene the advantages of which are 
exemplified in protein chemistry, fulfils the above requirements 
and is a specific reagent for the amino group. The reagent reacts 
readily with amino groups under mild conditions (Sanger, 1945) and the 
N-2,4-dinitrophenyl derivatives have a yellow colour and a well 
defined absorption maximum in the near ultra-violet. 
As will be shown, dinitrophenylation provides a convenient 
means for the direct determination of lipid amino-nitrogen but the 
ease of elution from adsorbents of the dinitrophenyl derivative as 
compared with native cephalin was not great enough to fulfil the 
object of an improved method for the isolation of cephalin. However 
dinitrophenylcephalin, being in effect a free acid and having a 
protected amino group, was readily esterified by reaction with diazomethane 
_Since this reagent does not react with salts of strong bases, choline-
13. 
containing phospholipids were again unaffected. Therefore a 
completely non-ionised derivative of cephalin was obtained which 
apart from being readily separable from the majority of remaining 
phospholipids, possessed a characteristic absorption spectrum, 
identical with that of the same derivative of synthetic cephalin. 
This latter feature was of great importance since spectroscopic 
evidence of the existence of complex amino-phospholipids was an 
additional result of methylation of the dinitrophenyl derivatives. 
Since the field of phospholipid analysis was new to me, I 
started my work with an examination of methods for the determination 
of the principal phospholipid constituents. Arising from this were 
new procedures for the determination of the nitrogenous bases, 
ethanolamine, serine and choline, in phospholipid hydrolysates. 
These techniques are described in the first chapters and provided 
a means of appraisal of the acylation reaction as a method for the 
direct determination of lipid amino nitrogen. The interpretation of 
analytical results led to the recognition of the complexity of non-
choline-containing fraction of native phospholipid mixtures. There-
fore the main object of devising a useful procedure for the isolation 
of the aminophospholipids will be presented as part of a general 
study of the composition of cephalin. 
14. 
CHAPTER 2 
THE PREPARATION AND PURIFICATION OF PHOSPHOLIPIDS. 
(a) Extraction. 
Phospholipids are polar substances, yet characterised by 
their solubility in so-called ":fat solvents" such as petroleum 
ether, etc. Owing to their polar nature they are not quantitativ-
ely extracted from tissues by these solvents alone. With wet 
tissues it is essential in the first place to have a dehydrating 
agent: acetone, ethanol, anhydrous sodium sulphate are examples. 
However, even tissues which have been dried in the :frozen state 
require a polar solvent for complete extraction of phospholipids. 
Such treatment results in the denaturation of protein and it is 
reasonable to infer that phospholipids are bound in the cell in 
the :form of lipoprotein complexes. 
In Table l are shown the quantities of phospholipid removed 
from egg yolk by serial extraction, starting with a weakly polar 
solvent (diethyl ether) at room temperature and concluding with a 
TABLE 1 
Total Phosnho1ipid in Serial Extracts 
of Egg Yolks. 
(shown as wt. in gms. of acetone insoluble/yolk 
Ether 
after ether separation and acid-washing). 
Ethanol: e·tner ( 1:4) 
0 
at -10 to 0 C. 
Ethanol:ether (1:1) 
0.37 
].5. 
much more strongly polar solvent mixture (ethanol:diethyl ether) 
at an elevated temperature. The experimental details were as 
follows: 
Six egg yolks were rubbed to a dry powder with anhydrous 
sodium sulphate in a cold mortar. Cold ether was added and 
decanted at intervals until all the protein had been decanted 
in the ether in the form of a fine suspension, leaving behind 
largely hydrated sodium sulphate. The ether extract was 
clarified by centrifugation and the supernatant taken to dryness 
below 30°C. The residue after centrifuging was suspended in 
ethanol:ether (1:4 by vol.) and allowed to stand overnight at 
-looc. The filtrate was taken to dryness below 50oc, The 
residue from this second treatment was finally suspended in equal 
parts of ethanol and ether at 6ooc. for an hour, followed by 24 
hours at room temperature. This extract was also taken to 
dryness in vacuo. All extracts were submitted to acetone 
separation using redistilled acetone and the phospholipids 
dissolved in a small quantity of ether and left at-looc. over-
night, afte'l!~'t'he insoluj!.ble fraction was removed by centrifuging 
at ooc. The supernatant ether solutions were acid-washed (to 
be explained in the next section), dried~ vacuo, weighed and 
made to volume in petroleum ether. 
The solvent mixture introduced by Bloor (1915) consisting 
of three parts of ethanol to one part of diethyl ether by volume, 
has found general use for the routine extraction of lipids. This 
solvent has been used in the course of the present work for the 
extraction of rat liver, in the following way: 
Rat liver was rapidly dissected into thin strips with a pair 
of scissors, the pieces being dropped into sufficient boiling 
ethanol to dehydrate the tissue. The ethanol extract was poured 
off into a sintered glass funnel and the dried tissue ground with 
sand or anhydrous sodium sulphate under ethanol:ether (3:1 by vol.). 
The disintegrated tissue was finally transferred to the sintered 
glass funnel and washed with several portions of ethanol:ether. 
Chloroform:methanol was first introduced for the extraction of 
sources rioh in sphingolipide (viscera in certain pathological_ 
16. 
conditions; seeHaven and Levy, 1941). The results of chloro-
form:methanol extraction of brain tissue have been compared by 
Folch, Ascoli, Lees, Meath and LeBaron (1951) with the yields by 
alternative procedures. Plant tissues may be a special case, 
since they are often rioh in inositol containing lipids. Rewald 
(1937) has used benzene:ethanol mixtures for the extraction of 
vegetable phospholipids. 
Chloroform:methanol (2:1 by vol.) has been employed in the 
present work for the extraction of rat tissues in a survey of 
their phospholipid composition (Chap. 6). In this case the 
material was suspended in the solvent and disintegrated at room 
temperature in a Waring blender. 
It is not widely realised that complete denaturation of 
protein is not a necessary condition for the extraction of phos-
pholipids, The use of acetone powders in enzyme chemistry is an 
example but acetone would not effect complete extraction of phos-
pholipids. However, Morton (1950) who introduced fractionation 
with butanol at low temperature to obtain in water solution a 
number of enzymes previously known only in particulate form, claims 
that solubilisation is accompanied by complete liberation of phos-
pholipids (private communication). 
The usefulness of butanol as an extractant for phospholipids 
was tested as a matter of interest, with the following procedure: 
Freshly excised rat liver (1.9 giD.) was homcgenised in a 
~aring blender at ooc, in 0.9% potassium chloride for about two 
minutes. The homogenate was freeze-dried and suspended in n-butanol 
at -1ooc. overnight. After centrifugation, the butanol extract was 
taken to dryness in vacuo, but on account of the low volatility of 
butanol, the temperature was raised to about sooc. After 
17, 
ocentri:fugation, the butanol extract was taken to dryness in vacuo, 
but on account o:f the low volatility o:f butanol, the temperature 
was raised to about sooc. A:fter acid-washing the :fat extracted 
weighed 91.2 mgms. The analytical results were as :follows 
(expressed as~ moles / gm. fresh tissue) ; total phosphorus, 
26; choline-nitrogen, 17; amino-nitrogen (ninhydrin method 
cf. Chap. 6), 4.4. 
I:f these results are compared with those in Table 10 o:f 
Chapter 6, it will be seen that dry butanol extraction provides 
excellent replication o:f the results of methanol:chloroform extract-
ion of the wet tissue, with regard to phosphorus and choline but 
amino-nitrogen is low. It therefore seems probable that lengthy 
heating in butanol has caused some loss o:f lipid amino groups. 
This result emphasises the caution necessary in interpreting the 
results of new extraction procedures. 
(b) Purification. 
Introduction. 
A troublesome feature of the polar nature of phospholipids is 
their ability to solubilise substances which are not, in the pure 
state, soluble in fat solvents. This includes both inorganic and 
organic material. The nature and extent of the contamination 
depends on the tissue extracted. Frequent contaminants of lipids 
:from animal sources are urea, taurine and purine bases; but amino 
acids and peptides may be expected in most impure phospholipid 
preparations. However the distinction between contaminants and 
what may be genuine, but unrecognised lipids, is not always clear 
cut. Wynn and Williams (1950) first reported the presence of 
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petroleum ether~soluble and non-dialysable peptides in blood 
plasma which had been deproteinised and desalted. This 
observation has been confirmed (Ble.ss, Ruhi, Lecomte and Macheboeu:f 1 
1953) and from the latter paper it appears that there is at least 
as much of this material in blood plasma as there is cephalin 
which indeed is low (only 5-6% of total phospholipid). Substances 
of this type have been isolated from brain by Folch and Lees (1951) 
and termed "proteolipides"; one proteolipide was isolated in 
crystalline form. 11Strandin", also described by Folch, is of a 
similar nature (Folch, Arsove and Meath, 1951). These proteolipides 
are only a minor component of brain phospholipid, It is surprising 
that Folch and Lees (1951) were unable to demonstrate their presence 
in blood plasma, 
It has repeatedly been shown that Bloor's extract contains 
considerable o.uantities of non-lipid impurities (e.g., Brante, 
1949). The amount of attention devoted to the removal of impurities 
has varied a great deal. Even some experienced workers (Artom and 
Fishman, 1943; Levine and Charga~f, 1952) are satisfied to take the 
initial extract to dryness and re-extract with chloro~orm or petrol. 
Such a procedure is without doubt inadequate, as my own results will 
show. 
Some workers have attempted to remove water-soluble materiel 
from the tissue prior to lipid extraction: precipitation of plasma 
lipoproteins with colloidal iron has been employed by Folch and van 
Slyke (1939) while Dawson (1954 b) washes with trichloroacetic 
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acid a precipitate which includes proteins and boundlipids. 
Phospholipids have most frequently been purified after 
extraction either by acetone precipitation from an emulsion in 
water or saline (Chargaff, Ziff and Rittenberg, 1942) or by 
dialysis (Folch, 1942). Evidence will be presented to show 
that the latter procedure is inadequate, at least so far as brain 
cephalin is concerned. 
Dialysis was employed by Sinclair (1948) in a study of the 
atomic ratio of nitrogen to phosphorus in plasma phospholipids. 
In the petrol:chloroform soluble portion of an ethanol:ether 
extract which had not been dialysed, the atomic ratio of nitrogen 
to phosphorus varied in a number of species from 1.45 to 2.66. 
After dialysis the range was 0.99 to 1.39. For a mixture of 
lecithin and cephalin this ratio should be 1.00; for sphingomyelin, 
2.00. Thus, if one were assured of the purity of an extract, it 
would be possible to calculate the proportions of these three 
phospholipids from the atomic ratios of total nitrogen to phosphorus 
and of choline-nitrogen to phosphorus: that is, if there are no 
complex lipids present. This was attempted by Sinclair (1948), 
who ~ound values for sphingomyelin in good agreement with those 
obtained by the method of Schmidt and others (1946). 
Only comparatively recently has it been realised that dis-
tribution in a two-phase solvent system containing water provides 
a logical, simple and as far as present experience allows, affective 
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means of removing non-lipids. 
Hevesy (1948) recommended washing an ether:ethanol solution 
of phospholipids with dilute hydrochloric acid, solely as a means 
of removing contamination radioactive phosphorus. McKibbin and 
Taylor (1949) washed a chloroform solution of phospholipids with 
an aqueous solution of magnesium chloride, the emulsions formed 
being broken by freezing, thawing and centrifuging. Felch, 
Ascoli 1 Lees, Meath and LeBaron (1951) washed chloroform:methanol 
solutions of brain lipids by submerging the solution beneath a 
large volume of water and allowing it to stand overnight. Con-
vection in the lipid solution is maintained by diffusion of methanol 
into the water, resulting in a temporarily heavier surface layer 
which sinks to the bottom. The process takes place without 
emulsification. However, such a tedious device is not necessary 
to prevent emulsification if the proportion of ethanol to chloroform 
is carefully adjusted. Subsequently, Felch, Lees and Sloane-
Stanley (1954) have adapted the system to a separating funnel. 
Acid-washing has been employed as a routine purification step 
throughout this work and was carried out with a two-fold purpose: 
(a) to remove non-lipids; (b) to leave the polar groups of the 
phospholipid in a characterised form. Native cephalin is known to 
be associated with a considerable amount of ash (Felch, 1942) on 
account of its acid nature. In later chapters the preparation of 
derivatives of native cephalin, involving alteration of the acid 
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and basic groups, will be described. It- was thought that the 
reactions concerned would take place less ambiguously if the 
cephalin was free of cations. 
Lea and Rhodes (1953), investigating a claim by Bevan, Gregory, 
Halkin and Poole (1951) of the chromatography of phospholipids on ' 
cellulose columns, could not confirm any separation of phospholipids 
but found in the process a very efficient means of removing non-
lipids. In the present work this procedure has been compared with 
acid-washing. 
graphy. 
It is essentially filtration rather than chromato-
Experimental. 
A. Experiments with Total Phospholipid Preparation. 
The procedures to be described were applied to egg yolk 
phospholipids, which were extracted as described in the previous 
section. 
Acid Washing of !§!• This was carried cut as follows: 
0.1 - 1.0 gm. phospholipids dissolved in about 150 mls. ethanol: 
ether ( 1:9 by vel.) were shaken in a separating :funnel with two 
successive portions of 10 - 15 mls. 0.1! hydrochloric s.cid and 
finally with the same volume of water. It is important to allow 
the phases to become crystal clear before the next washing; this 
requires only two to three minutes standing. The upper phase wa,s 
taken to dryness in vacuo. Frequently after removal of the ether,, 
the wet residue has shown a tendency to froth, whigh can effectively 
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be overcome by addition o:f petrol ( 60 - soc) followed by :further 
evapouration. The residue was transferred to a tared :flask using 
petroleum ether, and the weight obtained a:fter removal of solvent. 
In the determination of the composition of the total lipids 
of rat tissues (Chap. 6), the chloro:form:methanol (2:1 by vol.) 
extracts were acid-washed directly, but addition o:f more methanol 
was found necessary to reduce the extent o:f emulsification, 
Filtration through cellulose. This was performed using What-
man Standard Grade powdered cellulose, 25 gms. o:f cellulose being 
taken :for 0.5 gm. phospholipid, The column was prepared in 
ethanol:ether (1:9 by vol.) and the phospholipid applied in the 
same solvent, 200 - 250 mls. eluate being collected from a 25 gm. 
column. The :fat recovered was subsequently weighed in the same 
manner as the aoid-washed extraot, 
For analysis, the cleaned phospholipid was made to volume in 
petroleum ether, 40-600 or 60-soo. 
Phosphorus analysis was performed after digestion in perohloric 
acid, according to the method of Berenblum and Chain (1938b) This 
method applies to all phosphorus analyses in the thesis. 
Nitrogen ana.lysis was by semi-micro distillation (Markham 
apparatus) after Kjeldahl digestion. (Com;ay, 1947). 
Choline was determined after acid hydrolysis, by precipi te.tion as 
the phosphomolybdate (Chap. 3). 
Ethanolamine was determined after aoid hydrolysis, as 
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2,4-dinitrophenyl ethanolamine (Chap.4) 
B. Experiments with Ox-Brain Cephalin Fractions. 
Ox-brain cephalin was prepared according to the method of 
Folch (1942) and separated into ethanolamine and serine rich 
:fractions by step-wise precipitation from chloroform solution by 
addition of ethanol. The individual fractions were further 
dialysed according to Felch's directions, 
Acid-washing of the cephalin fractions was carried out with-
out the use of ethanol, as follows: 100 - 200 mgms. :fat were 
dissolved in about 30 mls. ether and thoroughly emulsified with 
about 10 mls. O.IN hydrochloric acid (in some cases, 0.5N) in 
a 50 ml. centrifuge tube. The emulsion was centrifuged at ooc. 
until most of theether layer had cleared. The clear portion was 
siphoned off, freeh ether added and the contents again shaken and 
centrifuged. The process had to be repeated four to five times 
until there was no emulsion at the interface, 
Alkali-washing of the previously acid-washed cephalin was 
effected in a separating :funnel, using a system consisting o:f 
chloro:form:methanol: 0,1! sodium hydroxide in the proportions 
by volume of 2:1:0.6. The chloroform layer was finally washed with 
water. 
Nitrogen analysis was carried out after Kjeldah1 digestion, by 
the micro-diffusion method of Conway (1947). 
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Ethanolamine and Serine were-determined a~ter hydrolysis and 
separation on Amberlite lRC-50 by the ninhydrin method (Chap. 4). 
Fatty Acid analysis was a micro modi~ication o~ standard titri-
metric methods, described in Appendix 1. 
Results. 
It will be o~ interest to record ~irstly some observations 
on "petrol soluble" extracts which have not been submitted to 
further purification. 
Without acid-washing, the acetone insoluble fraction o~ ether 
extracts o~ egg yolks has been ~ound to be incompletely soluble 
in petrol. In one instance, 2.00 gms. acetone insoluble material 
were suspended in petrol and 1.80 gms, phospholipids recovered in 
the soluble portion a~ter centrifugation. This "petrol soluble" 
material was ~reely soluble in ether, but addition of alcohol 
(up to 20% by vol.) gave a copious precipitate. At this low 
concentration o~ alcohol, the precipitate could not have been 
cephalin, which is greatly diluted by lecithin in egg yolk, 
Moreover, 94% o~ the phosphorus was recovered in the ether-
alcohol soluble :fraction but only 76% of the weight of the "petrol 
soluble" extract. Analysis showed that the insoluble material 
was rich in nitrogen. 
The above experience did not occur with ethanol:ether extracts 
o~ the yolk residue following ether extraction. This may be because 
most of the impurities are removed in an initial ether extrac~ion 
TABLE 2. 
Column Washing compared with Acid Washing. 
a Results expressed as molar% of total phosphorus. 
Petrol Soluble Cellulose Column Acid-\<lashed 
Extract. Eluate. Preparation. 
Weight (mgms.) 450 343 369 
p ()l moles) 430 387 440 
%P. 2.96 3.50 3.70 
N ()l moles) 1580 424 503 
%N. 4.90 1.73 1.91 
e.N/P. 366 110 111 
e.Choline/P. 72 74 77 
aEthanolamine/P. 25 25 24 
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or because the presence of ethanol depresses their solubility. 
For example, the atomic ratio of nitrogen to phosphorus in the 
petrol soluble portion of an ether extract was found to be 3.7, 
while in a subsequent ethanol: ether extract, this value was 
0.92. After purification on cellulose, the first figure fell 
to one, while the second did not alter significantly (found 0.95). 
These observations are contrary to the widely held belief 
(e.g. Brante, 1949) that the presence of ethanol in the extractiont 
solvent causes solution of non-lipid impurities. 
Comparison of a "petrol soluble" extract after acid-washing and 
column washing is given in Table 2. There is a slightly lower 
recovery (90%) of fat after column washing as compared with acid-
washing. Other differences are barely significant. An interesting 
observation is the apparent absence of non-lipid phosphorus in the 
"petrol soluble" extract in contrast,to the large amount of non-
lipid nitrogen. This is shown by the recovery of 105% of the 
phosphorus after acid-washing. 
One disadvantage of acid-washing in chloroform:methanol is the 
need to use more alcohol than is the case with ethanol:ether, in 
order to prevent emulsification. This leads to a greater amount 
of water in the lipid phase, which involves difficulty in taking 
to dryness. Another inconvenience is having the lipid phase at 
the bottom of the separating funnel and the aqueous wash which is 
to be discarded, at the top. One can therefore recommend the 
'l'ABLE 3. 
Comparison of the Present Ox-Brain Cephalin Preparations 
with those of Folch (1942). 
Felch's results are shown in brackets. 
Fraction. I II III 
%N. 1.31(1.15) 1.71(1.62) 1.79(1.78) 
%P. 4.83(4.25) 3.24(3.58) 3·50(3.65) 
Atomic Ratio, 
N/P 0.60(0.60) 1.17(1.00) 1.13(1.08). 
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advantages of ethanol:ether over methanol:chloroform. 
The present preparation of ox-brain cephalin is compared with 
that of Folch in Table 3· Both preparations had been dialysed 
for four days against distilled water. Dialysis does not remove 
all the ash since Folch found his preparations to contain a high 
proportion of ash. 
The preliminary examination for bases in the fractions was 
carried out by two-dimensional paper chromatography of both acid 
and alkaline hydrolysates using in the first dimension, butanol: 
acetic acid:water (5:1:4 by vol., upper phase) and in the second, 
water-saturated phenol. The unexpected feature of chromatograms 
derived from hydrolysates of the dialysed cephalin was the occurr-
ence of a large amount of ninhydrin-reactive substance which could 
not be identified as either serine or ethanolamine. The conditions 
of hydrolysis ensured the absence of any but traces of phosphory-
lated bases, The unknown substance was not identified beyond 
doubt but its position on chromatograms (Fig.l) suggested glutamic 
acid. It was found to be most abundant in fraction I but was 
also present in fraction III and absent from fraction v. Acid 
washing was effective in removing this material completely • 
Although there was no sign of gross contamination in fraction V the 
concentrated acid-washings showed a complex pattern of ninhydrin-
reactive substances on two-dimensional paper chromatography. 
Table 4 shows the effect of acid-washing on the ox-brain 
Fig, J.. 
n-luta.oi-Ac.ticA<io- Water (5o4o1) 
,. 
D t.rUAODL~mln£ 
Two-dimensional paper chromatography of an acid hydrolysate 
of dialysed fraction I o:f ox-brain cephaJ.in. 
TABLE 4. 
Loss of Nitrogen and Phosphorus upon Acid-Washing 
of Dialysed Cephalin Fractions. 
The loss of nitrogen and phosphorus was estimated on the acid-
washings. The atomic ratios of nitrogen to phosphorus (N/P) 
and of amino-nitrogen to phosphorus (NH2-N/P) refer to the acid-
washed fat, 
Fraction. I III 
N/P. 0.76 1.15 
NH2-N/P. .... 0.72 
%N lost. 24 2.4 
%P lost. 40 7·5 
a Washed with 0.5 ! hydrochloric acid. 
washed with 0.1! hydrochloric acid. 
V a 
1.12 
0.58 
2.5 
1.6 
The other fractions were 
<r:ABLE 5. 
Comparison of Acid- and Alkal:i-Washed Cephalin 
{Fraction V of Felch (1942)), 
:Procedure. Fat Recovered Phosphorus Content aN/l?. b L f .. a. P* 
(%by weight). ()'f by weight). 
Acid 103 3.68 1,12 1.75 
Alkali 90 2.82 1.22 2.16 
a. Atoms of nitrogen per atom of phosphorus. 
b. Moles of fatty acid per gm. atom of phosphorus. 
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cephalin fractions~ not removed by 
is very The 
phosphorus to be phou:phate. Paper 
I 
chromatography o:f the showed that t~e nitrc~en was 
almost "glutamic acidn0 Results :for free 
i'llso included in Table 4, were surprisingly lovv;. 
of :fraction V was carried out with the o~bject 
o:f the a1ka1i salt o~f v1i th alkali 
removed a deal of the dark brown disco1ouration o:f the 
acid-\vB_-shed fat which presumably had resulted from autoxidation 
on t is the increase in 
the of' :fatty acids to phosphorus ( 11ab1e :0, 
Discussion~ 
ilccord.ing to Galbraith, Button tilld Vlillj.ame ( 194 3) 
sphingolipide account for 2 .. 5% of the total pho opho 
o:f egg Table 2 shows that 100% of the total phosphorus 
is accounted J':'or by lecithin and on ·the basis of choline 
?:tnd ethanolamine determinations. Therefore, the atomic ratio of 
to sphorus should be very close to one if non-lipidA 
tlre absent* With ether extracts thLs :figure has :from 
1 .. 0 to 1 .. 1, whi1o _for the subsequent ethanol:ether extracts, it 
has from 0,92 to 0,98 in three different • 
Acid-1fJEU3hing and fi 1 tration through cellulose both the 
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same value for the atomic ratio of nitrogen to phosphorus. A 
significant difference is the low recovery of fat from paper. 
Garcia, Lovern and Olley (1956) have reported a selective loss of 
inositol lipids after passage through cellulose, Bevan, Gregory, 
Malkin and Poole (1951) and Lea and Rhodes (1953) dissolved the fat 
in chloroform:methanol for passage through cellulose. In my own 
preliminary experiments I found no removal of non-lipid nitrogen 
when ether was used as developing solvent but that the addition 
of alcohol was necessary, but only to the extent of about 10% by 
volume. Apart from the partial precipitation of non-lipid 
nitrogen by ethanol, its presence must establish partition 
equilibrium between the stationary and mobile phases. 
Fractions III and V of ox-brain cephalin which were predomin-
antly phosphatidyl serine and phosphatidyl ethanolamine respectively 
(Chap. 4) had atomic ratios of nitrogen to phosphorus which were 
10 - 15% higher than unity. Only small amounts of non-lipid 
nitrogen and phosphorus were removed on acid-washing and were not 
sufficient to alter the ratio of nitrogen to phosphorus significant-
ly. It is possible that the excess nitrogen is in the form of 
cerebroside, incompletely removed in the ether separation step 
(see Introduction). However fraction I, a mixture of phosphatidyl 
serine and phosphoinositide, which had also been dialysed, contained 
a large amount of non-lipid nitrogen and phosphorus removable by 
acid-washing. The non-lipid nitrogen may have been glutamic acid 
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on paper evidence .. HBcht and Mink ( ) ' 
the paper o:f phospholipids and their 
hydrolysates, found what believed on the basis of chromate-
gr-aphic evidence to be glutami.c acid in brain Vii th very 
little data this may .form of an 
unrecognised -phospholipid. Their consisted o:f 
•vhich has here been shovJn to be as a means of 
remov5.ng nitrogenous non-1 ip~tds, so the iT acid was 
probab1y an The Iow ratio o:f to 
found in fractions III and V iz not tn VIi th the 
analysis o:f Folch who fottnd over 90% of the nitrogen in these 
fractions to be 
The alteration of the mola.r ratio of fatty acj.ds to phosphorus 
on {Table 5) may be attributed to removB.l of 
phospho clear why 
should into the alkali J ayer. Since the acid/phos-
phorus ratio has inr:-:reased :fo rtlka.li-washing, there is no 
which is l:n accord 
',<i th the degree o:f stabi to alkali :found 119~61 
" ,) I * 
The evidenc:e o:f fractionation by this means prompted further l.nvesti-
o:f the c:f cephaJ.:i.n 1)etween aqueous emvlsions and 
immLscible or miBcible solvents~ This 1nork w:tll be described 
in the folJ section. 
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c. Attempts at Further Purification of Felch's cephalin by 
Distribution between Solvents and a Buffered Aqueous Emulsion. 
Suitable reference material was an important requirement in 
the appraisal of new analytical procedures for aminophospholipids. 
It was hoped that this requirement would be fulfilled by the brain 
cephalin preparation of Folch (1942), of which fractions III and 
V were claimed to be very nearly pure aminophospholipid. 
Unfortunately I was unable to confirm the results of Folch (1942) 
in all respects and the present and following sections record 
observations of the heterogeneity and anomalous titration behaviour 
of cephalin prepared according to the method of Folch (1942).' 
Experimental. 
A. Distribution at pH 10. 
In each of four 50 ml. centrifuge tubes, 184 mgms. cephalin 
(fraction V) were emulsified with 10 mls. water and the emulsion 
brought to pH 10 with O.lN potassium hydroxide. 25 mls. ether were 
added to each tube and the mixture thoroughly shaken. The resulting 
emulsion could be resolved into a clear pale yellow upper layer and 
a clear, dark reddish brown aqueous layer with some gel at the 
interface by centrifuging at 0°c. The ~her layer was removed with 
a pipette and the extraction with ether repeated several times. 
The combined ether extracts were taken to dryness and weighed. The 
dark coloured aqueous phase, still containing about 85% of the weight 
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o:f phospholipid in clear solution, was then extracted with 25 mls. 
n-butanol, The pale yellow butanol layer was removed and washed 
with water, the washings being returned to the original aqueous 
layer, A second butanol extract which contained only a quarter 
of the weight of fat in the previous extract, was treated in a 
similar way. Finally the aqueous layer was acidified with 
hydrochloric acid and extracted with ether. On this occasion most 
o:f the brown colour passed into the ether. The extraction was 
repeated once. 
B. Distribution at oH 8. 
While the above experiment was conducted at the arbitrarily 
chosen pH 10, it was anticipated that a more interesting :fraction-
ation might result i:f a pH was chosen which had some relationship 
to the buffering caoacity of the phospholipid. Titration of the 
cephalin fractions, which will be reported in section d of this 
chapter, showed pronounced differences in buffering capacity below 
pH 8 o:f fractions I, III, and v. The procedure was the same as 
described :for fraction V at pH 10 1 an ether extract, a butanol 
extract and an ether extract after acidification being collected 
from each :fraction separately, 
?atty acids a.nd PhosDhorus were determined as described 
previously, 
Nitrogen was determined hy the micro-diffusion method, 
(Conway, 1947) 
:r.'ABLE 6 
Partition of an Aqueous Emulsion of Fraction V 
at pH 10 into Ether and Butanol. 
Fraction. Wt. Fraction (mgms.) ~· Atomic Ratio, N/P. 
A. Ether Extract, 
pH 10. 91 0.71 1.36 
B. Butanol Extract, 
pH 10 314 3.02 1.06 
c. Ether Extract 
after acidification. 142 3.34 0.90 
D. Residual Aqueous 
Phase. ... 1.39 
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Bases were examined qualitatively by chromatography of acid 
hydrolysates in the paper chromatographic system of Levine and 
Chargaff (1951). 
Results. 
In the treatment of fraction V at pH 10, three fractions were 
obtained which contrasted sharply in appearance. The ether extract 
at pH 10 consisted of' a pale yellow oil; the butanol extract was a 
:flu:t':t'y white powder; while the acid ether extract consisted of' 
reddish brown :flakes. All :fractions were soluble in petrol. 
Phosphorus and nitrogen analyses are shown in Table 6, With 
the provision that at pH 10 and 0°C, there is no hydrolysis or 
re-arrangement of' phosphatj.dyl ethanolamine, there are indications 
o:f purification wi.th regard to the atomic ratio of' nitrogen to 
phosphorus. The bulk of :t'raction V :formed a clear solution in 
water at pH 10 :from which it could net be extracted by ether. 57% 
by weight has been recovered in a butanol extract with an atomic 
ratio of nitrogen to phosphorus of 1.03, as compared with the start-
ing material which had 1.15 to 1.20. 
In contrast to its behaviour at pH 10, :fraction V was almost 
completely extracted into ether at pH 8. Moreover the molar pro-
portions o:f nitrogen and :t'atty acids to phosphorus were correct for 
phosphat idyl ethanolamine in the ether extracted portion (Tab1e 7). 
On the other hand, :fraction III largely concentrated in the butanol 
extract and it also underwent some puri:t'ication.with regard to the 
TABLE 7. 
Partition of Cephalin Fractions at pH 8. 
Fraction. Sub-fraction. Weight (mgms.) f.a./P. 
I a. Ether-sol. 3.5 . . . . .. 
b. Butanol-sol. 158 0.95 2.07 
c. Butanol-insol. 48.8 0.42 0.86 
III a. Ether-sol. 8.0 • •• ... 
b. Butanol-sol. 229 1.10 2.06 
c. Butanol-insol. 42 1.34 1.64 
v a. Ether-sol. 138 0.95 lo95 
b. Butanol-sol. 36.2 1.46 }. 
c. Butanol-insol. 13.8 0.,65 • •• 
Sub-fractions He" refer to the material :finally extracted 
by ether after acidification of the aqueous layer. 
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above ratios. A similar result was found with fraction I which, 
like fraction III, is predominantly phosphatidyl serine. However 
in this case, the material insoluble in E)ther or butanol must be 
largely inositol phospholipid, a conclusion which is in accord with 
the low proportions of nitrogen and fatty acids to phosphorus. A 
qualitative examination of the bases in the ether extract from 
fraction V and the butanol extract from fraction III did not reveal 
the same extent of partitioning, although ethanolamine predominated 
in the former case and serine in the latter, It was not possible 
to decide whether this was any better than in the startine material. 
Determination of free amino groups by direct reaction with 
2:4-dinitrofluorobenzene (Chap. 5) showed that neither had there been 
any increase in the proportion of amino-nitrogen to total nitrogen. 
Discussion. 
The difference of behaviour between fractions III and V of the 
cephalin presumably depends upon the availability of acid groups in 
these fractions. The acidic nature of cephalin was first shown in 
the titration studies of Grfin and Limp~cher (1927) prior to which, 
cephalin was formulated with a betaine structure. In discussing 
his fractionation of cephalin Folch (1942) points out that the low 
solubility in alcohol of fraction I as compared with fraction V 
(fraction III being intermediate) parallels the ash content of these 
preparations. The higher ash content of fractions I and III suggests 
that these are the more acidic fractions. Therefore an additional 
parallel is found in behaviour of fractions I, III and V on 
distribution between water and ether at pH s. 
The difference in behaviour of fraction V at pH 8 as compared 
with pH 10 is not readily interpreted, Secondary phosphate 
esters are known to be quite strong acids (pK 1-2) and at pH 8 
phosphatidyl ethanolamine should be present entirely as the 
alkali salt, which partitions into the ether phase. Why then does 
it remain in the aqueous phase at pH 10? The low proportion of 
amino-nitrogen to total nitrogen shows that the behaviour observed 
is not that of pure phosphatidyl ethanolamine. However this low 
proportion of amino-nitrogen is anomalous, since the cephalin 
preparation we.s free of choline (Chap. 3) and these sub-fractions 
have the correct proportions of nitrogen and fatty acids to 
phosphorus for a typical phosphoglyceride. 
Non-ionised impurities may be expected to pass into the ether 
phase at pH 8-10. Such an impurity would be cerebroside. The 
results in Table 6 indicate however, that not much o~ this material 
is present as shown by the weight of the fraction and the atomic 
ratio of nitrogen to phosphorus, The phospholipid remaining after 
butanol extraction wM.ch passed into ether upon acidification, had 
a very dark colour, suggesting a concentration of the products of 
autoxidation. If autoxidation results in the formation o~ acidic 
groups from centres of unsaturation, the products would be more acidic 
than unaltered cephalin. 
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Problematical featurea of this fractionation are (a) the 
heterogeneity of Folch'e cephalin fractions with regard to the pro-
portion of nitrogen and fatty acids to phosphorus, and (b) the fact 
that free amino-nitrogen is very much less than total nitrogen 
even in those sub-fractions which have the correct proportions of 
nitrogen and :fatty acids to phoephorus. The occurrence of 
plasmalogens, particularly in fraction V (Klenk and Bllhm, 1951) is 
a complicating factor, especially since Klenk and Debuch (1954) 
have found evidence of complicated structures for plasmalogens. 
The question of free amino groups in "cephalin" will be discussed 
more fully in later chapters. In the next section it will be seen 
that there is also a low titratability of acid groups in Felch's 
cephalin. 
The above indications of a promising separation of acidic 
phospholipids by s simple distrj_bution procedure may seem surprising 
in view of the lack of success of counter-current distribution in 
similar attempts (Lovern, 1953; Lovern and Olley, 1953; Olley and 
Lovern, 1953). However of the total phospholipids submitted to 
counter-current distribution, the acidic phospholipids are a minor 
component and their behaviour must be greatly influenced by other 
lipids present. Moreover, a limitation of counter-current dis-
tribution is that it can only be carried out without emulsifi-
cation, which imposes a considerable restriction on the choice o~ 
solvent systems so far as phospholipids are concerned, 
30. 
(d) Titration of Cephal~n in an Aqueous System. 
Exuerimental. 
A. Titration of Ox-Brain Cephalin Fractions. 
3 - 4% dispersions of the acid-washed cephalin fractions in 
10 mls. water were titrated with 0.085! potassium hydroxide under 
a stream of nitrogen. The alkali was added in 0.1-0.2 ml. portions, 
the emulsion being thoroughly stirred after each addition and a 
period of 2-3 minutes allowed for equilibration prior to measure-
ment of pH with a. glass electrode. 
B. Titration of Egg Yolk Phospholipids. 
The material studied was the acid-washed acetone insoluble 
fraction of an ethanol:ether extract of egg yolks. A 5% dispers-
ion in 10 mls. water was titrated under the same conditions as the 
brain cephalin. 
In two additional experiments, samples of the same phospholipid 
were incubated (a) at pH 9.8 and 37°C. and (b) at pH 3.6 and 37°C, 
for 24 hours in both oases. The sample incubated at pH 9.8 was 
acid-washed after incubation and prior to measurement of the 
t.i tration curve. 
Results and Discussion. 
Titration curves for the brain cephalin fractions are shown in 
fig. 2. Cephalins contain both acidic and basic groups and are 
' 
Fig. 2, 
Potentiometric titration of ox-brain cephalin fractions 
in an a~ueous system. 
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customarily formulated as zwitterions. Consequently the initial 
pH should be given by the expression 
pH = 0.5 (pK + pK - pKb) w a ••• 1 (Glasstone, 1942) 
where pK is the negative logarithm of the ionic product of water, 
w 
pK is the negative logarithm of the acid dissociation constant 
a 
and pKb is the negative logarithm of the basic dissociation constant. 
Phosphatidyl ethanolamine and phosphatidyl serine are 
secondary esters of phosphoric acid, which are generally quite 
strong acids, If one substitutes in equation l the values o:f pK 
a 
:for di-n-butyl phosphoric acid (1.72) and pKb (= 9.8) for the amino 
group of glycine one obtains 
pH = 7 + 0.9 - 2.1 
This result should be compared with phosphatidyl ethanolamine 
but not with phosphatidyl serine, which contains the additional 
carboxyl group. Contrary to this expectation, fraction V where 
the amino-nitrogen is almost entirely ethanolamine, registered 
an initial pH of 3.3 and showed only a slight degree of buffering. 
In the case of fractions III and I where there is marked initial 
buffering, a more reliable comparison with theoretical expectation 
might be made (the proportions of serine to ethanolamine being 
known) if all the available acid were titrated. However the 
equivalent amount of alkali consumed at pH 8 is much less than 
the total phosphorus in these preparations. 
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The low titratability of aqueous cephalin sols was first 
observed by Christensen and Hastings (1940) although earlier 
work (Rudy and Page, 1930) had shown that cephalin could be 
completely titrated with alkali in non-aqueous systems. 
Christensen and Hastings did not present an analysis of their 
cephalin preparations, while in the present ox-brain cephalin 
fractions, amino-nitrogen was equj"valent to only 72% of total 
phosphorus in fraction III and 58% in fraction V. These 
analyses may be related to the low titratability of the fractions, 
but then one has to account for non-acidic phosphorus and the fact 
that on partition at alkaline pH no increase in the proportion of 1 
amino-nitrogen to total nitrogen resulted. 
An important feature of the brain cephalin is i.ts possi.ble 
deterioration in the course of a lengthy extraction and precipitat-
ion procedure and subsequently upon storage. It was therefore 
thought necessary to examine the titration behaviour of a freshly 
prepared sample of phospholipid with the additional objects (a) 
to observe whether cephalin may be utrated in the presence of 
lecithin and (b) what kind of treatments may influence the tit-
ration curve. 
The result for freshly prepared egg phospholipid is shown in 
fig. 3, curve A. The portion of this curve between pH 2.5 and 
pH 5.5 is clearly that o:f a fairly strong acid (pK ~2.7) against 
strong alkali. The portion between pH 8 and pH 9.) is that of a 
p~ 
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Fig. 3. 
Potentiometric titration of egg yolk phospholipid in an 
aqueous system. 
weak protogenic base (pK = 9). 
a 
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The"" situation here is very 
similar to that experienced with the brain cephalin, inasmuch 
as at an acid pH there is no apparent dissociation o~ the basic 
function. The important di~ference is that in the case of the 
egg phospholipid, an independent estimate of lipid amino-nitrogen 
by reaction with 2:4-dinitrobenzene showed approximate agreement 
between the acid groups by titra.tion (at pH 5. 5, the point of 
rnaxilwm in~lection) and amino-nitrogen (shown by arrow at 61 ueq.). 
Curves B and C show the titration behaviour of the same 
preparation of egg phospholipid after mild alkali and acid treat-
ment, respectively. Both treatments have virtually abolished 
the acid function of the cephalin to give a titration curve of a 
similar kind to that of fraction V of the brain cephalin. Fract-
ions I and III appear to be intermediate between this and the 
untreated egg phospholipid, Thus it would seem possible that the 
ox-brain cephalin fractions have undergone in the course of 
preparation some form of derangement resembling that shown by the 
freshly prepared egg yolk phospholipid after the treatment described. 
A further feature of curve A which requires comment are the 
subsidiary inflections about the equivalence point. A similar 
property is shown by the brain cephalin fractions. In the case 
of the egg phospholipid, the inflections below pH 7 cannot be 
accounted for by phosphatidyl serine which is not present (Chap. 6). 
The first impression is of the presence of additional ampholytes 
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with progressively weaker acid'io and basic groups. This impress-
ion gains conviction from later experience with egg phospholipid 
(Table 4, Chap. 3 and Table 9, Chap 6), where non-choline nitrogen 
has always been in excess of amino-nitrogen and cephalin determined 
by titration in non-aqueous medium has always been in excess of 
cephalin determined as the N-2:4-dinitrophenyl derivative. 
Derivatives of nitrogen with pK from 7 to 8 must be under the 
. a 
influence o:f inductive effects, such as are :found in amides, peptides, 
etc. Likewise, the pK of ester derivatives o:f phosphoric acid is 
markedly influenced by :factors such as hydrogen bonding (Kumle'r 
and Eiler, 1943) or amide formation. In ether words, the 
occurrence of something like the amide of phosphatidic acid might 
well explain the anomalous acidity of cephalin sols, as well as the 
occurrence of non-amino-, non-choline-nitrogen. 
Previously, Christensen and Hastings (1940) observed the acidity 
o:f cephalin sols but they succeeded in titrating only a small part 
of the total cephalin. Mild acid and alkali treatment, intended 
to simulate effects on cephalin during isolation and storage have 
here been sho~m to lower the ti tratabili ty of cephalin. Christen-
sen and Hastings rightly questioned the zwitterion formulation of 
cephalin on the basis of their results. They suggested that 
"cephalins may have other formulations than those attributed to 
themtt. My own experience of cephalin provides much support for 
this theme, as will be shown in later chapters. 
41. 
CHAPTER 2. 
SUMMARY. 
(a) Solubility of a phospholipid extract in ether or petroleUlll 
ather is not a reliable indication of the absence of water-
soluble contaminants. 
(b) Dialysed ox-brain cephalin contains a large proportion of 
non-lipid amino-nitrogen, probably glutamic acid, which can 
be removed by acid-washing. 
(c) The removal of contaminating nitrogen from an 
ether solution of total phospholipid by filtration through 
cellulose, requires the addition of a polar solvent to the 
ether., There is a slightly low recovery of lipid phosphorus 
by this procedure, when compared with acid-washing. 
(d) Distribution between a buffered aqueous emulsion and ether 
or butanol has been found to be an ef:fective means for the 
:further purification o:f Foloh's cephalin fractions, with 
regard to the proportions of nitrogen and :fatty aci .. ds to 
phosphorus. However the proportion of amino-nitrogen to 
total ni.trogen remained low. 
(e) Aqueous dispersions of cephalin register a low pH, which is 
contrary to what may be theoretically expected :from a 
zwitterion structure. 
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(f) An aqueous sol of :freshly _prepared egg phospholipid gives 
a sharp snd-point with alkali, which is in approximate 
agreement with the amino-nitrogen content of the preparations. 
In contrast, the titratability of Felch's cephalin fractions 
is low. Mild treatment of phospholipids has been found to 
affect their titratability, 
CHAPTER 3, 
DETERMINATION OF CHOLINE-CONTAINING PHOSPHOLIPIDS. 
Lecithin, the first phospholipid recognised (Cobley, 1850) 
is easily the most abundant phospholipid in Nature. Choline 
isolated from lecithin after hydrolysis was first characterised 
as the chloroplatinate by Strecker (1868). 
For many years, lecithin was the only phospholipid component 
determined, "cephalin" being obtained by difference from the total 
phosphorus or nitrogen. 
(a) Methods based upon Hydrolysis and Precipits,tion of Choline. 
Introduction. 
Lecithin and sphingomyelin are generally accounted for as a 
group, based upon choline liberated after hydrolysis (total 
choline-containing phospholipids). Alkaline hydrolysis usually 
with aqueous baryta, is a long established procedure for splitting 
off choline from phospholipids. The relative effectiveness of 
various alkalis has been studied by Brante (1949). While alkaline 
hydrolysis is usually carried out for about two hours at reflux 
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temperature, acid hydrolysis is effected by refluxing in constant 
boiling (about 6N_) hydrochloric acid for twelve to eighteen hours. 
The length of hydrolysis is dictated by the greater resistance of 
the phosphorylcholine residue in sphingomyelj,n to both acid and 
alkaline hydrolysis than the same residue in lecithin. 
In 1930, Kapfhammer and Bishchoff introduced Reinecke acid 
as a precipitant for choline. This reagent (Cr(NH3) 2(SCN) 4H) 
or its ammonium salt, has been widely adopted for the semi-micro 
determinatj,on of choline in tissues (Engel, Salmon and Ackerman 
1954). The amount of choline Reineckate formed has been estimated 
by direct weighing or by measurement of its red colour in acetone 
solution. Greater sensitivity with the Reineckate method has been 
obtained by measurement of its optical density in the ultra-violet 
( E: 327m)l = 51 820) or by determination of the chromium content of the 
precipitate (0.2- l.O,U mole choline). 
A precipitant less commonly used than ammonium Reineckate is 
potassium periodide (Best and Lucas, 1943). A maximum of nine 
!i\toms of iodine combine with one molecule of choline to form the 
enneaiodide. Either residual iodine in the precipitant solution 
or iodine in the precipitate is determined. The precipitate may 
vary in composition and is unstable and :for these reasons, has 
not met with general satisfaction although improvements continue 
to appear (Appleton, Levy, Steele and Brodie, 1953). 
Other precipitants for choline, which have not been widely 
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adopted owing to their lack of specificity, are phosphotungstic 
acid (Gakenheimer and Reguera, 1946), cadmium chloride (Seaman, 
Hugonet and Leibman, 1949) and mercuric chloride (Chargaff, 1942). 
Levine and Chargaff (1951) introduced quantitative paper 
chromatography for the determination of phospholipid constituents. 
Choline was determined after chromatography of a lipid hydrolysate 
by development of a spot with aqueous phosphomolybdic acid followed 
by washing with iso-butanol, reduction of choline phosphomolybdate 
with stannous chloride and quantitative planimetry of the 
molybdenum blue so :formed. In an examination of phospholipid 
fractions :from brain, Levine and Chargaff (1951) detected only 
traces of substances other than choline in hydrolysates, which 
gave a spot with phosphomolybdic acid. The specificity o:f 
phsophomolybdic acid for choline on paper chromatograms suggested 
that this reagent should be equally specific for choline in vitro. 
Tests which I carried out with standard choline solutions gave 
evidence of quantitative precipitation of choline, while reduction 
of the complex to molybdenum blue furnished a sensitivity of the 
same order as micro-Reineckate methods. 
Experimental. 
Materials Choline chloride was recrystallised from ethanol 
ether before use and dried over phosphorus pentoxide. 
Phosphomolybdic acid whether L.R. or A.R., was 
recrystsllised from water. Some commercial products 
contained a large amount of water-insoluble material, 
or were contaminated with reduction products. An 
aqueous solution saturated at room temperature was 
prepared, 
!so-Butanol was A.R. or redistilled over alkali, 
Sulphuric acid, 10£!.. 
Stannous Chloride solution consisted of 40% 
stannous chloride in concentrated (lON) hydrochloric 
acid. 
Ethanolamine was distilled before making up a 
standard solution in water. 
Serine was B.D.H. laboratory reagent. 
Ltpid extracts of rat tissues, egg yolk phospholipid 
and ox-brain cephalin were isolat·ed as described 
earlier (Chapter 2). 
Hydrolysis Procedure. 
Hydrolysis in 6£!. hydrochloric acid has been employed routinely 
for the determination of choline-containing phospholipids. The 
phospholipid sample (5 30 rngms., depending upon the lecithin 
content) was placed in a 25 rnl. round bottomed flask, 3 or 5 mls. 
of ethanol and 3 or 5 mls. of concentrated hydrochloric acid added, 
and the flask then placed on the boiling water bath under reflux for 
about 18 hours. 
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Subsequently the still acid solution was extracted with 
three successive portions of ether, the ether layer being removed 
each time by aspiration. The residual ether in the aqueous layer 
was removed by cautious warming (a tendancy to froth was observed) 
and the aqueous layer taken to dryness on the bath under a stream 
of air. The dry residue was made to volume by pipetttng in 2.0 
or 5.0 mls. water, the flask stoppered and thoroughly shaken. 
In one :i.nstance hydrolysis was effected with aqueous baryta. 
Saturated aqueous baryta (2 .0 mls.) was added to the fat sample 
and the mixture heated on the boiling water bath for 5 hours. 
After neutralisation wi·th carbon dioxide and removal of barium 
carbonate by centrifugation, the hydrolysate was made acid with 
one drop of lO]i hydrochloric acid then extracted with ether and taken 
to dryoess and ma!J.e to volur:Je with >later. 
Procedure for Determination of C11oline. 
Aliquots (0.5 ml.) of the unkno~m solution were in 
conical 15 mls ~ centrifuge tubes.. Two drops of saturated phospho-
molybdic acid were added, the tubes rotated between the hands and 
0 
allowed to stand for at least hal:f an hour at 5 C. The yello~w 
precipitate readily separated out and was packed by a few minutes' 
centrifuging. After pouring off the supernat4'nt, the tube was 
stood i:n an inverted position for at least five minutes; residual 
drops adhering to the inside ;,all of the eentrifuge tube were 
removed with a roll of filter paper. It ;,as important that 
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all the water be drained off before adding iso-butanol (0,5 ml.) 
otherwise droplets of water interfered with subsequent packing 
of the precipitate in iso-butanol. The wash with iso-butanol 
was repeated once. Traces of phosphomolybdic acid remaining on 
the rim of the tube were removed by wiping with a piece of cotton 
wool moistened with ethanol. F:i.nally, the precipitate was dissolved 
in acetone (1- 2 mls.) and transferred in a total of 3 mls 
acetone to a test tube with a mark at 10.0 mle. Sulphuric acid 
(1.0 ml. 10!) was added and the mixture made to volume with 
ethanol. Reduction to molybdenum blue was brought about by 
addition of one drop o~ stannous chloride solution, after which 
the contents were shaken and the extinction measured in the "Spekker" 
absorptiometer incorporating Ilford ~ilter number 608. 
Results. 
Standard Choline Solutions. 
As little as 0.3 ~mole of choline in 0.5 ml. can be 
precipitated with phosphomolybdic acid, as may be seen in figure 
1. However, for ease of manipulation the most convenient range 
is 0. 5 - 2. 0 .r moles choline. It may be seen in :figure l that 
1.00 density unit, measured on the "Spekker" is equivalent to 2.15 
.r moles choline. The factor found independently by Dr. F. D. 
Collins is 2.07 and since this is based upon wider experience o~ 
standard solutions, it has been referred to for all calculations 
liD ... .. .. ... 
Fig, 2. 
Absorption spectra o~ molydenum blue (open circles) 
measured within 5 minutes c~ addition of stannous 
chloride and of artefact (dots) ~ormed upon allowing 
the same solution to stand overnight. The ordinates 
represent optical density in arbitrary units, 
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of choline in phospholipid hydrolysates. 
The absorption spectrum of molybdenum blue in 0.1 ! 
sulphuric acid is shown in figure 2 (curve A). With Ilford 
filter 608, the portion of the spectrum measured is in the 
vj"cinity o:f 650 - 750 mp. Generally on standing for a few hours 
and occasionally without standing, a different reduction product 
shown in curve B, results. In this event an approximate result 
can he obtained by comparison of curve Il and curve A (figure 2). 
Interfering Substances. 
Substances which were expected to interfere were (a) 
non-lipid impurities; and (b) products of hydrolysis of 
phospholipids other than lecithin or sphingomyelin. 
Examination of Table 2 in Chapter 2 shows that an impure 
preparation of egg yolk phospholipid having an atomic rati.o of 
nitrogen to phosphorus of 3.7 gave a result not significantly 
different from that of the same preparation after removal of non-
lipid nitrogen. However, the method has not been applied to the 
determination of total choline in tissues and must be presented 
as a means for the analysis of purified total lipids for choline. 
No interference from ethanolamine or serine was detected 
below the Mevel of 16 ~ moles/0.5 ml. Above this level, ethanolamine 
forms a precipitate which is only slightly soluble in iso-butanol 
and is soluble in acetone; serine forms a precipitate which is 
freely soluble in iso-butanol, so interference is not so serious 
TAJ3TE 1 .. 
I-to~covery of Cho] :Lne in the n:r·esence of 
Ethanolamine~ 
Each contained 1 .. 0 y mole chol1ne. 
Eth9.no1andne Added. 
(p moles) (Ilf ' "1''1t N'n 6"'') .. oro_ .._ 2- er ..,, • vc 
2 .. 0 0.490 
4.0 0.497 
8 .. 0 0.515 
.o 0.513 
20.0 0.605 
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as with ethanolamine. In Table 1 are shown the recoveries of 
1.0. <u mole of choline in the presence of 2 
ethanolamine. 
20 ,u moles of 
Serious interference is due to ammonia. Ammonium 
phosphmolybdate is insoluble in water and iso-butanol but soluble 
in acetone. However the solubility in acetone is repressed by 
the presence o:f butanol to a much greater extent than that of 
choline phosphomolybdate. In iso-butanol:acetone (1:4 vol.) 
at room temperature, the solubility of ammonium phosphomolybdate, 
assuming the same :factor as for the choline, is 0.42 .~ moles/ml., 
while in acetone it is 4.5 y. moles/ml. Fortunately ammonia occurs 
only in traces in phospholipid acid hydrolysates, provided cere 
is taken to avoid contamination from the atmosphere and ammonia 
should be absent from baryta hydrolysetes. 
Qualitative tests showed that both acetylcholine end 
phosphoryl-choline ere precipitated by phosphomolybdic acid. The 
latter substance should not be present under the recommended conditions 
of hydrolysis. 
Choline,ln Phospholipid Hydrolysates. 
Choline analyses of both total end fractionated egg 
phospholipids end the phospholipids of rat tissues ere considered 
in deteil in chapter 6 in connection with estimetes of non-choline-
containing phospholipids. A typical result is illustratsd in the 
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.following comparison of acid and alkaline hydrolysis. 
Alkaline Hydrolysis : A sample of egg phospholipid (18.0 mgms.) 
aftsr baryta hydrolysis, was made to 5.0 mls. Aliquots of o.5 ml. 
were taken for choline determination. 
Density : 0.69, 0.71 
,u moles choline/mgm. phospholipid : 0.80, 0.82. 
Acid Hydrolysis : Another sample (10.8 mgms.) of the above 
preparation of phospholipid after acid hydrolysis, was made to 2.0 mls. 
Aliquots of 0.5 ml. were taken for choline analysis. 
Density : 0.98, 1.06 
p moles oholine/mgm. phospholipid : 0.75, 0.81. 
SpecLficity with respect to Phospholipids : Anaylyses of Cephalin. 
Application of the sphomolybdate procedure to an 
hydrolysate of Folch' a ox-brain oerhe.lin demonstrated that there 
is negligible inter.ference at a level of 25 .j1 moles of cephalin-
phosphorus/0.5 ml. hydrolysate. The preparation of unfractionated 
cephalin had not been acid-washed and contained an amino-acid 
impurity (Chapter 2) in addition to serine and ethanolamine. 
A sample of cephalin (37.3 mgms.) containing 4.15% phosphorus, 
after acid hydrolysis, was made to 1.0 ml. and 0.5ml. was taken for 
precipitation of choline. A yellowish white precipitate which 
appeared upon addition of phosphomolybdic acid was j_nsoluble in 
acetone. The analysis based on the acetone-soluble portion, was 
as follows:-
54. 
Density : 0.125 
J1 moles choHne/; mole phosphorus : 0.01. 
While Folch's cephalin has a high content of amino-acids, 
the cephalin oi' egg yolk contains only eths,nolamine (Chapter 6). 
The isolation oi' egg yolk cephalin by chromatography on silica gel 
(chapter 6) permitted a direct test of interference :from the 
cephalin fraction o:f egg yolk phospholipid. 
A sample of the cephalin :fraction (5.6 mgms~) after acid 
hydrolysis, was made to 2.0 mls. A 0,5 ml. aliquot gave no sign 
o:f a preoipi tate after addi,tion of phosphomolybdic acid, even 
0 
e.:fter standing for two days at 5 C .. 
Recoverv of Choline in a Lipid Hydrolysate. 
The recovery of varying amounts of choline added to an acid 
hydrolysate of rat liver lipids is shovm in Table 2. 
Comparison with the Reineckate Procedure. 
The photometric Reineckate procedure of Glick (1944) was 
applied to acid bydrolysates o:f liver and brain phospholipid o:f 
the rat (Table 3) whl,ch were also analysed by the ph0sphomo1ybdate 
method, 
For both Tables 2 and 3 I SJTI indebted to Dr. F. D. Collins, 
who has jointly studied the method. 
Discussiono 
The manner in which choline combines with phosphomolybdic acid 
TABLE 2. 
Recovery o1' Choline added to a Phosnholi.pid Hydrolysate. 
(with the permission o.f Dr. F.D. Collins) 
Choline in Hydrolysate Choline Added Total Found i:;Recovery .. 
(p moles) (p moles) 
1.06 0.28 1. 34 1.34 100 
" 0.83 1.89 1 .. 88 99 
" 
1.11 2.16 2.13 96 
" 1.39 2.4 5 2•44 99 
" l. 67 2. 73 2.68 97 
T.l'-.BLE 3 .. 
Comparison. of Phospbomo1ybda·te and Reineckate lYlethods. 
(wi.th the permission of Dr. F .. D .. Collins) 
!~'1aterial ~ Phosphomolybdate .. ReinecJ::ate .. 
L:lver 1. 156 0 
2. 49.3 51.3 
3· 49.3 .3 
13ra.in 1. 24.1 26.7 
2. 21.0 22"1 
3. 22.6 23.6 
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is not known :for certai:c... It 1;~as observed that under conditions 
where phosphomolybdic acid is ~uantitatively extracted from water 
into iso-butanol (0.1! sulphuric acid), the choline phosphomolybdic 
acid complex remains in the aqueous phase.. This suggests that the 
compound is not simply a salt, but for simplicity it will be 
referred to as 11 choline phosphomolybd"ate 11 • Conversion of 
inorear;ic phosphate to phosphomolybdic acid followed by reduct:ion 
to molybdenum blue is the basis of the method of Berenblum and 
Chain (1938 b) for determination of phosphorus. In a study of 
the conditions affecting the yield of molybdenum blue, Berenblum 
and Chain (1938 a) :found maximum ease of reproducibilj.ty in 
1.0!- 1 .. 2]!, sulphurj,c acid. Below this concentration of acid, 
the yield of colour is greater, but much more critically dependent 
upon the concentration of' e.cid, 
If the density o:f a solution of molybdenum blue is measured 
'with I1:ford Hlter 608, 1.00 density unit is equ:i.valent to 0.69 
,p mole phosphorus/10 mls. by the method of Berenblum and Chain 
and 2. 07 }! moles choline/10 nels. by the present method for 
choline. The ratio 2.07/0.69 ~ 3.0 implies the:t tbree molecules of 
choline combine wi t:1 one "molecule" of _phosphomolybdic acid., The 
"molecular weight" of phosphomolybdic acid beine 3940, the 
equivalent weight :for choline is 1313 gms .. /mole choline. This :i . .s 
about four times the equivalent weight of Reinecke acid (337 gms./ 
mole choline) and is o:f the same order as iodine in the enneaiodide 
54. 
(1043 gms,/mole choline), All three methods require the isolation 
of a precipitate, the quantity of which is the limiting factor in 
the sensitivity of the determination. 
The specificity of phosphomolybdic acid as a reagent for 
choline in phospholipid hydrolysates is attested by the paper 
chromatographic analyses of Levine and Chargaff (1951) who 
analysed a variety of factions of brain phospholipid. Under the 
conditions of the present method, ethanolamine begj_ns to precipitate 
at the level o:f 20 .,.u moles/C. 5 ml .. , there being no interference 
when 16? moles ere present. This means that 3% lecithin in the 
presence of 97% phosphetidyl ethanolamine can be estimated, provided 
that the aliquot in vlhich choline is to be precipitated contains no 
more than 0.5 u mole choline. 
" 
In no preparation of phospholipid or lipid extract that I have 
analysed have I been able to account for total nitrogen in terms of 
choline- and amino- nitrogen. One would not expect this to be the 
case if phosphomolybdic acid lacked specificity as a precipitant 
for choline. 
Table 3 shows that there is good agreement between the 
phosphomolybdate and Reineckate procedures, for the phospholipid of 
liver and brain. The Reineckate method is generally regarded as 
superior to the ennea.iodide which requires very careful controls 
for stoichiometric reaction. Advantages which phosphomolybdic acid 
possesses over Reinecke acid are (a) greater quantity of precipitate 
-formed; (h) the stability o:f the phosphomolybdate compared wi'th the 
Reineckate, v1hich is sensi tivs to light and (c) reliable c 
measurement 'i'li th visible light, 'tJhile for comparable sensi ti vi ty the 
must be measured at 327 mu where 
• 
there is a greater :possibility of error due to l::t_pid decomposition 
products, etc. The disadvantage of the present method is the 
interference of ammonia, ~uhich is not precipi.tated by Rej_necke 
acid. 
Quantitative aspects of the precipitation o:f phosphorylcholine 
by phosphomolybdic acid were not studied. Ho\vevELr, in u_nction 
with the use o:f lecithinase D which removes phosphorylc.toline 
Irom lecithin, the conversion of phosphorylcholine to the 
phosphomolybdate promises 8. valuable approach to tht~ determination o:f 
the specific radioactivity of lecithin labelled wj, tll P32 • All that 
is required is reduction of the phosphor;ylcholj.ne-phosphomolybdic 
acid complex to molybdenum blue, followed by photometric and 
rad.ioacti v:t ty (1iquid counter) measurements on the same 
(b) Alte:rn9..tive Procedures :for the Det0rmination o:f Choline-
containino~ Phos:,;holi nids .. 
Lecithin may be obtained pure b;;r chromatography, but tb.e 
procedure j,o not qu.a.ntttatt ve and is time-consuming (Hanahan, 
Turner and Jayko, 195l)e A simplifiBd adsorption procedure, 
whereby the choline-conta::Lning pho.s:;Jholipids are el:Jted from 
mae;nesium oxide \<lith methanol (Tauro~, Ente:runan, Fries and 
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Chaiko:f:f,; 1944) requires d.i:f:ferential saponification :for the 
determination o:f the lecithin component (Sctunid t, Benotti, Eershman 
and Thannhauser, 1946). In the present work, elution :from magnesium 
oxide was examined to obtain an estimate of the specific radioactivity 
of the choline-containing phospholipids in a rat liver labelled 
in vivo VJi th P32 , but was not employed :routinely. 
Non-aqueous titration, vihich has been applied to the 
determination of ceJ,Jhalin, has not yet been successfully adapted 
to the determination of lcci thin. Fisbc;old and Chain (1935) 
who discussed non-aqueous titration o:f phospholipids with both acid 
and allcali, found that all phospholipids have the property of 
binding one mole of hydrogen ions in acid reaction but in alkaline 
reaction, they only give up hydrogen ions so far as they possess 
amino groups. Since Fishgold and Chain (1935), there have been 
considerable advances in the practice o:f non-aqueous titra'tions 
(for example a revie'" by Riddick, 1954). Direct determination of: 
total phospholipids by acid titration, :followed by cephalin by 
alkali titration, from which data choline-containing phospholipids 
may be calculated by difference, represe1ros a rapid and simple 
procedure for ascert:::dnin& the a:;y;:roximate :9hospholipid composition. 
Experimental. 
Haterials. Dioxane, redistillede 
Acetic Acid, A.R. 
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Perchloric Acid, 72%, A.R. 
~lercuric Acetate. A 6% solution in glacial acetic 
acid. 
Technione o:f Titre"tions. 
For acid titration a sample containing 0.5 - 1.0 mM total 
phospholipid, was dissolved in 5,0 mls. glacial acetic acid or 
acetic acid: dioxane (3:17 by vol.) to which was added l.C ml 
mercuric acetate solution~ The titrant consisting of 0.05 - 0 .. 1 
! perchloric acid in dioxane, Has added in portions, the E~t1 .. F .. 
being read e:fter each addition o:f aci.d vii th a glass electrode. 
The perchloric acid solution l<as standardised potentiometrically 
with potassium hydrogen phthalate. 
Alkali titration was generally carried out by the procedure 
of Rudy and Page (1930). A 2. 0 ml. aliquot o:f the phospholipid 
solution in benzene was titrated with 0.01 - 0.02! alcoholic 
potassium hydroxide, employing phenolphthalein as indicator. 
The ;hospholipid preparation employed in this work was 
:fraction 7 of Table 9, Chapter 6 and was obt&.ined :from egg yolk 
lipid by solvent fractionation of tho Og.dmium chloride complex. 
Results and Discussion. 
Differential plots of the titration o:f total n:t trogen are shown 
in figures 3 and 4. In fig. 3 the solvent containj.ng the :fat was 
acetic acid; in fig. 4, acetic acid : dioxane (3:17). Mercuric 
Fig, 3. 
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Potentiometric titration o~ egg yolk phospholipid 
dissolved in glacial acetic acid, with perchloric 
acid in dioxane as titrant. ~ E is the change in 
potential (m. volts) measured with the glass electrode, 
brought about by addition o~ V mls. o~ 0,074! perchloric 
acid. 
Compar;son o:f Titration and Other Analytical Data 
on a samole of Epg Yolk Phosoholioid 
The de~ta refers to fraction 7 of the third fractionation 
of egg yolk phospholipids, Table 9, Cha:pter 6.. Results 
are here expressed a-~·; total Jl moles in the preparat:ion .. 
Comuonent .. 
P. 
Total Phospholipid 
Cephalin. 
Cephalin .. 
Choline-containing 
Phospholidid. 
Choline-containing 
Phospholipid., 
Hethod of Determination .. 
Perchloric acid Ti tn .. 
Alkali Tj. tn, 
As 2, 4-dini trophenyl 
deri v ... 
From titration data, 
Amounts 
1090 
1250 
1210 
660 
478 
by difference. 550 
As choline phosphomolybdate, 
after hydrolysis. 545. 
Fig. 3. 
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ml<. 0-074 n. Uc1o4 
Potentiometric titration of egg yolk phospholipid 
dissolved in glacial acetic acid, with perchloric 
acid in dioxane as titrant. ~ E is the change in 
potential (m. volts) measured with the glass electrode, 
brought about by addition of V mls. of 0,074 N perchloric 
acid. 
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chloride was added to the sample for titration in order to 
remove :from the system any anions which may possibly be present 
e.g. chloride, as a result of washing wl.th hydrochloric acid; 
although in vie;1 of the strong dissociation of the secondary 
phosphate ester, it is doubtful whether extraneous anions would 
be present in significant amount. The first maximum at approximately 
half the titre when the :fa-t is titrated in glacial acetic acid, is 
reduced to a,n inflection when 85% d:toxane is used as solvent., 
This i.s i.n accord with the presence of two bases, the difference 
in pK being magnified in the more protogenic solvent acetic acid. 
Since the pKb of choline me.y be expected to be lower than that of 
the amino group, the first :peak presumably records the lecithin 
content and the second, the total nitroe.;en of the sample. Perchloric 
acid was chosen :for the titration because it j_s the stron::::est of 
acids and completely dissociated even in protogenic solvents. 
However, o1.vine to the fairly strong acj_dic properties of the 
secondary phosphate ester, the difference in apparent pKb of 
lecithin and cephalin is not great enough to permit an accurate 
estimate of the t;m main components of egg phos;ol:;olipid in the 
solvent systems tested here. Consequently, an independent estimate 
of cenhaHn has been obtained by titration with alkali in a largely 
aprotic solvent which represses the acidic dissoc:Lat.ion of the 
aru_ino group but has no conspicuous e:f:fect on the dissociation o:f 
the quaternary ammonium base. 
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In table 4 are given some data on the composition o:f :fraction 
7 together with titration data$ 
Perchloric acid titration gives a result :for total phospholipid 
• 1 c 'kh 1' -~ -~ h' h . b + 15d h' ""' 1.n C.J..ose agreemenv W:Ll« 1-t,n.'.t n:t.,rogen i;J :tc 1.s a ou"~ 1u 1.gr1er 
than lipid phozphorus. The total nitrogen comprises roughly equal 
amounts of cholj"ne (a:fter hydrolysis) and amino groups (by direct 
reactj_on with 2,4-dinitrofluorobeDzere, Chapter 6). This is in 
agreement with the titration curve ttJLich shows a_Qprox:t.matel;;,r equal 
amounts of two bases. The estimate of cephalin by titration is 
somewhat in excess of free amino groups and this hs.s been :found to 
be generally the case ( Che.pter 6) a Hot.fever i:f cephalin b~~ 
titration is subtracted from the total nitrogen, the di:i::ference 
repres>anting non-amino ni trogeY.t~ is in close agreement 1«i th choline-
nitrogen, detemined by precipitation o:f the phosphomclybdate 
after hydrolysis. 
There have been no improvements in the titration of lipi.d 
nitrogen, since Fishgold and Chain (1935) employed benzene - alcohol 
mixutres ~tJi th perchloric acid as titrant and dimethyl yellow as 
indicator. By this means the nitrogen o:f lecithin and cephalin and 
half the nitrogen (presumably choline -nitrogen) of sphingomyelin 
could be titrated .. The present work, although not cgrried out 
routinely, has confirmed that a good estimate of lipid nitroeen can 
be ob"'Gained by direct titration; moreover, by arrying out the 
titration potentiometrically in a suitable solvent, there is an 
0 J. 
indication that lecithin and cephalin may be titrated separately. 
An improvement in the direct titration of lecithin in the presence 
of CBIJha1in should result <:!hen native cephalin is converted to its 
2, 4·-dini trophenyl derivative which is an exceedir:J1Y \veak base, 
but this possibility has not been examined. 
61. 
C!1APTER 3 .. 
SUHMARY. 
(a) A ne>N method. for the determination of choline 
in hydrolysates of acid-\·rashed lipid extracts 
has been described8 
(b) There is substantial agreement in choline analysis 
between: 
1 .. Acid and Alkaline hydrolysaten; 
21> Ths present method and the Reineckate method 
described by Glick (1944). 
(c) The method has limitations, 
1 .. When ammonia is present; 
2. I:f phosphatidyl ethanolamine makes up more than 
95% of the total phospholipid. 
(d) A potentiometric study o:f the titration of phospholipid 
with perchloric acid has sho,iln promise of a rapid 
method :for the simultaneous determination of 
choline-containing and amino-nitrogen-containing 
phospholipids o 
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CHAPTER 4. 
THE DETERHINATION OF ETHANOLAHINE AND 
SERINE IN PHOSPHOLIPID HYDROLYSATES. 
The term "cephalin" was coined by Thudichum (1884) to 
name a lipid fraction which gave ethanolamine on hydrolysis. 
He believed the ethanolamine to be an artefact formed from choline, 
which had already been known for some thirty years to be present 
in lipid hydrolysates. It was not until the work of Renall (1913) 
and Baumann (1913) that the base in the cephalin fraction was 
shown to be largely ethanolamine. Only in recent years has the 
amino-acid serine been shown to be a component of phospholipids, 
(Folch, 1942). 
Introduction. 
If choline is determined as an estimate of choline-containing 
phospholipids then the difference between total phosphorus and 
choline on a molar basis has commonly been taken as an analytical 
figure for aminophospholipid (cephalin). This procedure has been 
e.ppl.ied to blood by Hack (1947) and Sinclair (1948) and to animal 
tissues by Kaucher, Galbraith, Button and Williams (1943). The 
results o~ these workers are frequently quoted but there is 
evidence to believe that they are misleading. - Urban (1937) 
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found that in extracts of heart tissue 22% of the total phospholipid 
nitrogen could not be accounted for as choline or amino-nitrogen. 
Employing an isotope dilution technique, Cbargaff, Ziff and 
Rittenberg (1942) found compelUng evidence of the existence of 
non-amino and non-choline nitrogen in carefully purified extracts 
of li.ver, brain and heart. These authors also found a decrease in 
amino-nitrogen on storage of lipid extracts. 
As opposed to the indirect determi.nation of cephalin, a more 
reliable estimate is only obtained by determination of the character-
istic moiety, viz., the free amino group. This has generally been 
carried out after hydrolysis of the phospholipid, 
In the past, a variety of methods for the hydrolysis of lipids 
has been used for the liberation of the amino-nitrogen but without 
any definite knowledge of the resistance to hydrolysis of the bonds 
concerned, Hydrolysis was effected at reflux temperature in the 
following examples: 3 hrs. in 6! methanolic HCl (Artom, 1945); 
24 hrs. in 6! HCl (Levine and Chargaff, 1951); 18 hrs. in 1.0 N 
aqueous HCl (Chargaff, Ziff and Rittenberg, 1942). It is only very 
recently that attempts have been made to elucidate the mechanism of 
hydrolysis of phosphoglycerides. Schmidt, Bessman and Thannhauser 
(1953) found that the ester bond from ethanolamine to phosphoric acid 
is much mere labile in glycerylphosphoryl-ethanolamine than in 
phosphorylethanolamine both in acid and alkali and that the 
ethanolamine of glycerylphcsphcrylethanola~ine is released without 
formation of phosphoric acid. Baer, Stancer and Korman (1953) 
studying the hydrolysis of synthetic cephalin and glycerylphos-
phorylethanolamine, suggested that acid and alkaline hydrolyses 
proceed via cyclic ortho esters. 
The longest-standing method for amino-nitrogen is the 
gasometric procedure of van Slyke (1911). This has been used 
frequently for analysis of amino-nitrogen in phospholipid hydrolysates 
(Levene and Rolf, 1925; Rudy and Page, 1930; Folch, 1942; Klenk 
and Debuch, 1954). The method may be applied on a scale of 5 - 50 ,)J. 
moles of amino-nitrogen (van Slyke, 1929). 
Following the discovery of serine in phospholipids (Folch, 
1942) 1 Artom(l945a) introduced a semi-micro method for the deter-
mination of both serine and ethanolamine in phospholipid hydroly-
sates, in which serine is separated £rom ethanolamine by selective 
adsorption on permutit. By the action o£ periodic acid which is 
a specific reagent for vicinal hydroxyl and amino groups, the bases 
were decomposed to formaldehyde which was determined iodometrically. 
The method requires 10 -50~ moles of base and is thus suitable for 
the analysis of tissue lipid extracts. The analyses by Artom 
(1945b) of rat tissues employing this method, are in fact the only 
comprehensive direct analyses for aminophospholipids in tissues that 
are available. 
A more sensitive variation of perioda.te oxidation is the method 
of Burmaster (1946) who estimated ammonia liberated instead of 
formaldehyde, by the micro-diffusion technique of Conway (1947). 
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Burmaster's method may be .used for the determination of amino-
nitrogen but serine must be determined separately. This makes 
the overall sensitivity considerably less, serine being generally 
a minor component of phospholipids. 
The gasometric method for amino-acids described by van Slyke 
and Dillon (1938) may be used for the separate determination of 
serine, either on the intact phospholipid (Felch, 1948) or on the 
hydrolysate (Chargaff, Ziff and Rittenberg, 1942). The principle 
of this method is the determinatj_on of carbon dioxide formed by the 
decarboxylation of an amino acid or its derivative (ester or mono-
substituted nitrogen)by ninhydrin. By suitable variation o:f 
apparatus the gasometric method is capable of a wide range of 
sensitivity, with a macro range of 0,8- 4.1 mgms. carboxyl-
nitrogen and micro range of 0,04- 0,21 mgms. carboxyl-nitrogen, 
This method may have special advantages i:f one wished to recover 
the carboxyl-carbon or carboxyl-oxygen o:f serine since no separation 
of the seri.ne-containing phospholipid from a mixture of phospholip:Lds 
would be called for. 
The introduction of paper chromatography as an aid to the 
analysis of aminophospholipids (Levine and Chargaff, 1951) has 
greatly improved the sensitivity of the determination of ethanolamine 
and serine but is subject to considerable errors unless great care 
is takene The method will estimate 5 - 20 pgms. runino-ni trogen was 
successfully applied by Levine and Chargaff (1952) from mitochondria 
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and rnicrosomes. Separation of the bases on a. paper chromatogram 
is :followed by elution and estimation of amino-nitrogen by the 
ninhydrin reaction of Noore and Stein ( ~19~~). 
The work to be described commenced with a study of the 
ninhydrin method which was the most sensitive method available 
for the determ:i.nation o:f amino-nitrogen. For reasons which will 
be discussed, paper chromatography as a means o:f separating serine 
and ethanolamine in hydrolysates was abandoned in favour of ion-
exchange. 
Following the success:ful application o:f fluoro-2,4-
dinitrobenzene (FDNB) to the direct determination of' lipid amino-
nitrogen (Chap. 6. ), this reagent was applied in a similar way to 
the determination of amino-nitrogen in hydrolysates. The FDNB 
method is very much simpler than previously described methods ~or 
the determination o~ serine and ethanolamine in phospholipid 
hydrolysates, with practically no loss of sensitivity by comparison 
with the ninhydrin method. 
Experimental. 
!• Determination of Amino-nitrogen by Reaction with Ninhydrin. 
Materials. 
Amberlite Resins IRC-50 and IR-100 (H); 
Phosphate bu~~er 0.1 ~' pH 6.8; 
Sodium hydroxide, 0.5 !; 
Standard solutions, each 0....0025 ~' of ethanolamine 
Procedures. 
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and serine in the above phosphate buffer; 
Ninhydrin, A.R., 5% solution in ethanol or cello-
solve; Pyridine-cellosolve-potassium cyanide reagent. 
This was prepared from ethyl cellosolve, which had 
been refluxed over alumini.um filings and potassium 
hydroxide and distilled ~ vacuo. The redistilled 
cellosolve (125 mls.) was mixed with pyridine, A.R. 
(80 mls.) and water added to make 250 mls. The 
mixture was run through a column of IR-100 (H) about 
12 11 x 0.66", with a flow rate o:f about 2 mls./min. 
The resin was regenerated with dilute HCl immediat-
ely after use, as it slowly dissolves on standing 
in a mixture o:f cellosolve and pyridine. Finally 
2.5 mls. 0.01 li potassium cyanide /250 mls. was 
added to the resin-treated solvent mixture. The 
reagent was freshly prepared every three days. 
l• Hydrolysis Procedure. 
Hydrolysis was effected with either 6! methanolic HCl, prepared 
by passing dry HCl into cooled methanol or with equal parts of 11 N' 
- -
HCl and ethanol, at reflux temperature for 3 hours unless otherwise 
stated, Fatty acids were removed in the manner described in 
Chapter 3 :for the determination of choline and the resl.due was made 
to volume in phosphate buffer. Sufficient lipid was taken for 
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hydrolysis so that the buffer solution contained a total of 1 - 2 
~moles of amino groups/. 0,2 ml. 
£.• Prenara.tion and Use of Ion-exchange Resin. 
The resin Amberli te IRC-50 was sifted and the fraction pass:i.ng 
commercial mesh size 40 was used. The resin was cleaned by 
allowing it to stand (a) in 0.5 ! sodium hydroxide, mins.; (b) 
in two successive portions of water; (c) in 1.0 N hydrochloric acid, 
15 ruins.; (d) in water, until the supernatant was only weakly acid. 
The moist resin was then suspended in the phosphate buffer and 
sufficient 0,5 ! sodium hydroxide added in portions to ma.i.ntain 
the pH of the buffer for 15 mins. The resin was finally rinsed 
with buffer and suspended in the buffer for the prepara-tion of the 
columno A column of resin 4" long was prepared in a chromatography 
tube o:f 0.25" internal diameter by pouring in a slurry in four or 
five portions, each portion being carefully packed in with a 
rod. The columns prepared have had a flow rate of about 1.0 ml./ 
min. They did not run dry, so there was no need for a rubber tube 
and clamp. 
A 0. 2 ml. aliquot of the unknown solution was placed on the 
column and washed down with 0.3 ml. buffer, so that 0.5 ml. effluent 
passed into the first of 24 test-tubes (with a 10 mls. mark) contained 
in a test-tube rack beneath the column. The rack was then moved so 
that the next tube came under the column and a further 0.5 ml. 
buffer added to the top o:f the column. This process was repeated 
for the :first 8 tubes, when the buffer was replaced by 0.5 ! sodium 
()9. 
hydroxide until a tota1 of tubes had been collected. The 
process took no more than 15 mins. 
2.~ Determination of Amino Groups. 
Each eluate was made acid by tbe addition of one drop of 
l1 N hydrochloric acid followed by the addition of 2,0 mls, 
pyridine-cellosolve-potassium cyanide reagent and 0.2 ml. ninhydrin 
solution. The tubes were then covered and placed in a beaker of 
boiling water fo.r 15 mins., subsequently transferred to a beaker of 
cold water and the contents o:f each tube made to 10 mJ.s. with 
distilled water. The optical density was read in the "Spekker" 
absorptiometer Il:ford filter 606, Amino-nitrogen (p moles) 
was calculated from the optical density by use of the factor 0.46. 
The blank correction was obtained :from the trough between the serine 
and ethanolamine peffi<s. 
B. Determination of Amino-nitrogen hy Reaction with 
Fluoro-2,4-dintrobenzene. 
Haterials. 
Fluoro-2, 4-dini trobenzene was made by L. I,ight and Co. 
For use in kinetic experiments it was re-crystallised from 
ethanol~ Serine and ethanolamine were the same material as 
used previously and ethanolamine phosphoric acid '"as a 
sample prepared by Dr. F.D, Collins, who used the method 
of Cherbuliez and Weniger (1946), 
Triethylamine was distilled under a fractj.ona.ting column and 
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the middle fraction collected. A 0.1 N solution in ethanol 
was prepared. 
2,4-Dini.trophenyl serine (DNP-serine) was prepared according 
to the method of Porter and Sanger (1948) who gave the melting 
0 point as 199 C. The preparation upon which figure 7 is based 
had a melting point (corrected) of 195°C. 
2,4-Dinitrophenyl ethanolamine (DNP-ethanolamine) was prepared 
by the procedure described in Appendix 2. The melting point 
0 
was 90 c., which agrees with that found by Axelrod, Reichental 
and Brodie (1953) who prepared it using the method of Sanger 
(1945). 
Celite used in the chromatography was "hyflo-supercel11 
manufactured by the Johns-Hanville Co. of New York. 
Magnesium trisilicate was the B.D.H. product for chromate-
graphic purposes. 
Solvent A consisted of petroleum ether (60°- 80°): acetone, 
95:5 (by val.). 
Solvent B consisted of petroleum ether (60°- 80°): acetone, 
4 : 1 (by vol.). 
Solvent C was acetone, 
Solvent D consisted of aoetone:acetic acid, 98:2 (by vol.) 
Solvent E consisted of ethanol:water, 1 : 1 (by val.). 
Dimethylformamide and Tetramethylammonium hydroxide were 
B.D.H. L,R. grade. The latter was an aqueous solutl.on (25%, w/v). 
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1. Hydrolysis Procedure. 
A o:f :fat expected to contain 2- lO,p moles 
was heated on the boiling v;ater ba'th :for a 
of three hours in about 5 mls. of 6 N 
parts o:f ethanol and water. After removal o:f 
in 
acids 
and of the acid to , the residue was 
meile to volume in 'tYatero. 
_g_. Heaction with Fluoro-2, 4-d:i.ni trobenzene (FDN'B) * 
To 0'"5 ml~ 1 - 5 p moles total 
s.mino groups, were added 0,.5 m1o etho . :nol, 1.0 m1$ O~l! 
and one drop of FDN'B* Tht~ mixture ecntainfJd 
in a covered 1'' bo tube \·.ras in n WEtter bsrth at 
about :for 5 IO mi_ns., when it \-JflS taken to 
vacuo in order to remove The residue was 
then taken up in 1.0 m1~ 1 .. 0 N ethanolie 
again taken to dryness in vacHo .. 
l!_ P:reraration and Use o:f Coltunn. 
acid and 
of the DNP bases was t::a..rried out on a 
mixed-bed adsorbent ma.de up of. celj_'te (2 gms .. ) and 
trisi1icate (1 gm.). When the .reaction were 
had 
on thi.s adsorbent, dinitro-phenol (side-
from FDNB) formed a yellow band which was not ea.sily 
from DNP- Since the reaction 
been taken to dryness in th; presence of 
Fig. 1. 
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acid, the formation of a band by 
dini J.ndicated that the adsorbent must be capable 
of as a base under the condittons of 
In later ¥mrk the adsorbent was mod:Lfied by with 
in the of However 
Serine (2.02 J! moles) and ethanolamine (2.64)1 moles) in 
0 .. 5 ml. 0 .. 02 1:[ hyd.rochloric acid were reacted with FDNB and the 
reaction transferred to a column of mixed adsorbent 
¥las eluted as a coloured 
band in ather : acetone (1:1 vo 1.) Acetone eluted ' 
D}!P-cthanolamine while DNP-serine was removed with a sol vent 
consisting o:f acetic aci.d : acetvn.e : ether (6 'i 12 ~ 
82 vol.), All stages of the chromatography ·were carried out 
with careful protection :from light a jacket of' the design 
shown in 1 .. T,ow recoveries o:f DNP-oerine with ev:i.dence 
of breakdov,m products i.n the absorption curve, re~n1l ted %'!hen 
the was carried out in H.ght but DNP-ethanolruni.rle 
1N3.B unaffected~ A:fter taking tc 
wera dissolved in 0.1 N 
the last two eluates 
acid 1~n ethanol and the 
extinction was measured a.t 350 and 345 mp respectively. 
The acid-washed a.dsorbent was employed for most a.nalyses of 
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1ip:i.d hydrolysates. Acid-washing was carried out by suspension 
o:f the adsorbents in roughly equal parts of etha.nol, 
acetic acid and t-Jater, on the boiling water bath 
:for a :few minutes and filtration through a sintered glass 
funnel under suction. The mixed adsorbent was finally 
washed several times with acetone, the suspension being 
thoroughly mixed each time and rapidly sucked dry, then placed 
0 in an oven at 110 c. for at least an hour before use. 
A column about 2" high and 0.5" in diameter was prepared 
suspension of the mixed adsorbents in Solvent A. If a 
fairly thick slurry is used there is little tendency :for the 
adsorbents to separate. The column was packed .in two or 
three sections with the aid of a plunger and air pressure 
from the compressed air mains (5 lbs./ in. 2). 
In an analysis o:f sheep brain fat (chloroform : methanol 
extract, acid-washed) a quantity of hydrolysate derived from 
10.8 mgms. total fat was reacted with FDNB and the 
transferred to a column of acid-washed adsorbent (3 gms.) in 
Solvent A. Dinitrophenol did not :form a coloured bs~d on 
the acid-washed adsorbent but was eluted in undissociated :form 
along with excess FDNB and dini trophenyl ethyl ether j.n Solvent 
A. The column was developed with this solvent until the 
LNP-ethanolamine band almost rsached the bottom of the column, 
when the receiver was changed and DNP-ethanolamine quantitat-
i vely eluted with Sol vent B. (about 25 mls.). Solvent C did 
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nf thB 
band" 
cho\'!Bd that DNP-serine is also e} uted Solvent 
D, 20 m1s sufficient for eJ..ution..-
When ethano1amine 
experimf!J:Yt~), the D:NP-d e.ri vati ve was eluted from the column 
'fli th Sol vnnt 
of r;ther DHP 
derivattves, for e to cf d ( 
0.5 - 1 .. 0 JJ mole of DNF g!'onps, is 
at; 400 mv record.ed; c1fter tJ:.dd:U;'ion of 
reccrded 
D't 5CO 1flll.o 
r;:sy be obtaJ..ned from the ratio of' the 
&.i_Jd ethH.nol " lO .:0 1 2) " 
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Results. 
A. Results with the llinhydrj<n Nethod. 
1• Standard Solutions. 
The reagent described in the experimental section is based 
upon that o:f Troll and Cannan (1953), which is an improvement 
on the origh1al ninhydrin reagent o:f Moore and Stein (1948) for 
the estimation of amino groups. The present reagent is more 
stable, gives more reproducible results and a higher yield of 
colour than that of Moore and Stein (1948), It differs from 
that of Troll and Cannan (1953) in that phenol has been replaced by 
celloaolve, there no need in the present for a buffer 
with reserve acid; moreover, the presence of phenol has an adverse 
effect on Amberlite lR-100 (H) which was employed to remove ammonia 
and metallic cations from the In a emetic examin-
at ion o:f the method of Troll and Cannan (1953), I found tha"t phenol 
could be ed by a number of sol vents including ethanol end. 
glacial acetic acid and also, that much less pyridine might be 
used; :further, that potassium as reducing reagent could 
be replaced by potassium ferrocyanide, The most critical feature 
was the proportion o:f water in the reagent since both the rate of 
colour development and the size of the blank increase with 
increasing water content. The blank value tends to increase 
as the reagents stands and is lowest immediately after ion-exchange 
treatment. 
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The product of the reacti_on between ni-nhydrin and 
amines is di.ketohydrindamine-diketohydrindylidene. The anion of 
this substance (Ruhemann 1 s Purple) )las )\ at 570 ruu. The maxfj- v-
optical density at this wavs-length on the spectrophotometer 
equals 1.15 x the optical density measured with I1ford :filter 606 
in the "Spekker11 absorptiometer. standard solutions of serine 
and ethanolamine made up in 0,1 .!:!. aqueous hydrochloric acid, the 
apparent e of Ruhemenn 1 s Purple assuming quantitative yield, 
· max§ 
varied from 16,000 to 18,000. 
When approximately 0.5 ,)1 mole serine was placed on the column 
of IRC-50, the elution peak occured in the third tube and 95% 
was recovered in the first 8 tubes, the remainder forming a very 
small peak in the ninth tube with the change from phosphate buffer 
to 0.50 .!:!. sodtum hydroxide. The blank value, taken as the mean 
+ 
value for the subsequent four tubes, was 0.119 0.003. The 
apnarent c of Ruhemann 's Purple we"s 25,000, 
..._ max. 
Whereas serine passed straight through the column, ethanol-
amine was retained at pH 6.8 and req_ui:<eed alkali for elution. 
When 1.0 ,)1 mole ethanolamine was applied to the oOlUl!ln in 0.20 ml. 
phosphate buffer and development carried out as described in the 
experimental section, the elution peak occurred in tuhe 16 and 
all of the ethanolamine was recovered. in tubes 14 - 19. The mean 
+ blank value in the remaining tubes was 0.070 0.006. The apparent 
£ of Huhemann 's Purple was 24,800, 
max. 
'llABLE 1. 
Aro.ino Groups in Acid Hydrolysates 
of Sheen Liver Fat. 8 
Period of 
Hydrolysis (hrs.): 0.5 1.0 3.0 
Amino-nitrogen 
(p moles/mgm. 0.324 0.318 0.290 
total :fat.) 
a. Acetone-insoluble fraction. 
5.0 8.0 
0.296 0.286 
o-a 
0.0 
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Fig, 3. 
Ion-exchange analysis of acid hydrolysates (after 
3 hour's refluxing in 6 ! HCl) of ox-brain cephalin 
fractions III and v, the optical density having been 
recorded after reaction of each eluate with ninhydrin. 
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It was found that at pH lower than 6,8, the capacity of the 
resin :fell rapidly, resulting in poorly compact elution peaks for 
ethanolamine. Also, a distorted elution peak and low recovery 
o:f ethanolamine in some cases was attributed to repeated regenerat-
ion of the resin. Repetition o:f the analysis with a :fresh batch 
of resin resulted in a well-defined elution peak, 
2. Analysis of Lipid Hydrolysates. 
In view of the confusing variety of hydrolysis procedures 
for aminophospholipids described in the literature, the rate of 
liberation o:f amino-nitrogen on acid hydrolysis in 6 ! ethanolic 
hydrochloric acid was :first studied. The lipid taken for this 
purpose was obtained by ethertethanol extraction of sheep liver, 
precipitation of the phospholipids with acetone and separation of 
this fraction into the petroleum ether soluble portion. At the 
time of this study the importance of· acid-washing was not rsalised, 
nor was a method established :for the determination of choline, 
The rate of liberation of ~inc-nitrogen, expressed on a 
weight basis, is shown in Table 1 and the distribution of bases 
obtained by chromatography on IRC-50, in figure 2. It may be seen 
that there is a small but steady decrease in amino groups liberatetl 
when refluxing is continued beyond 0.5 hour. Chromatography on 
Amberlite IRC-50 has generally shown a small peak immediately behind 
ethanolamine, which is probably ammonia. In table 1 the serine 
fraction accounted for 19% of total amino groups at 0.5 hour; 
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16% at 3 hours; and 16% at 8 haurs. 
In figure 3 are sho·.vn the analyses of fractionfi III and V 
of ox-brain cephalin prepared to the procedure of 
Folch (1942). The results oi: these have been 
recorded in Table 4 of Chapter 2. 
~- Resu1tB with FDNB Method$ 
l• The Reac'tion o:f Serine and Ethanolamine with FDNB. 
The kinetics of the reaction of serine and ethanolamine 
with FJ)NB in aqueous ethanol j:n the presence of amine 
have been exs.xnined (a) to ascertain the limj.t:i.ng condi.t:i.ons 
necessary .for reacti_on of ·the amino groups and (b) 
to the introduction 
o:f one DNP substituent per mo}.ecule, is forned under these co:ndi tionz. 
The Jatter assurance was .necessary in view of recent evid.ence that 
reactions occur in tbe reaction of PDNB 'A'i th am:tno-
ac:Lds in aqueous ethanol in the presenee of sodium bicarbonate 
Herrganns and van Velden~ ); this would be manifest 
etH reaction of available amino-nitrogen* 
In the of' the res,ction rates at room 
(figures 4 and f¥tandBrd ethanolamine 'sias made up fror:. the 
:rochloride while serine was out as the free base; 
extinctions were read stt 420 IT't}l a:fter addition at each t1me 
interval, o:f J ,.0 ml. .. o:f 1&0 ! aqueous hydrochloric acid and ethanol 
to thK~ volume to 10 .o m1s. The final b1ank read v1ere 
Fig. 4. 
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Differential plot (as in fig, 3) of the potentiometric 
titration of egg yolk phospholipid dissolved in acetic 
acid : dioxane (3:17 by vol.) 
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Fig. 5, 
Rate curves for the formation of DNP-ethanolamine 
(triangles), DNP-serine (dots) and DNP-ethanolamine 
phosphoric acid (open circles) in the presence of 
0.060 & FDNB and 0.04 & triethylamine. 
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79. 
of the order 0 .. 10 :for 0.012 .ll J!'DNB and 0.15 :for 0~06 1'1 FDNB~ 
The extinctions a:ttainEhi may be TGferred to 6 and 
7 for ca1culati_on of the o:f DNP derivative,. In o.1 
ethano1.tc :rochlorio acid, s420m. :for DNP-seri.ne i3 4,000 
·J" 
v;hile £.., 0 m, :fer DNP-ethano1amine 'is 4,400. ~,_o,.:;v. Therefore in 
! 
4 and 5, the final extinctions quanti.tati ve yields within 
the error of measurBment. A f'ive.;.fol.d di:fference in the concen-
tration of 'FDNB does not affect the fin2.l result~~> 
The conditions of reaction described in the 
section to 0.05 .!:1, 0 with to hoth FDNB and 
triethylamine. 
1• Analvsis o:f Standard Solutions of Serine and Ethanclam:tne. 
the extinctions &t ~ o:f the recovered DNP-cthano1amine and 11 max. 
DNP-serine in 50 .. 0 mls. and 30.0,m1s" resp o:f 0,1 ! 
hydrochloric acid, 'mre 0.95 and 1.03, corresponding to 2. Jl moles 
(104% recovery) and 1.95 ,)1 moles (97.5% recovery) calculated :from 
the e which, as may be seen in figures 6 and 7' are 
m.stx. '200 
and , 700 respectively. 
2.• Analysis of' Brai.n Liuid Hydrolysate. 
The results o:f th:Ls analysis which has been deseribed in 
the experimental section, are presented in Table 2 
the recovery o:f serine and ethanolamine which were added to the 
hydrolysate to reaction '"ith FDNB, 
20 I 
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Fig. 7. 
Extinction curves of a molar solution of DNP-ethanolamine 
in 0.1 ! hydrochloric acid in ethanol (open circles) and 
in 0.1 N sodium hydroxide in ethanol (dots). 
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4. A:tH?_,lysis of Hyd:roly£-ates of' Egg PhospholipidS. 
of both fractionated e,nd total egg yolk 
are ccneidered in detail in Chapter 6, The DNP derivative 
found in hydro o:f tota.l egg yolk phospholipid whi.ch had been 
reacted wi·th FDNB, was DNP-ethanolami.ne but in some preparations 
obtained by solvent :fracti.onation of the cadmium chloride complex, 
a yellow der:i.vati ve eluted :from the column by acetone \¥as :found 
which had properties quite dj~fferent from DNP-ethanolamine and DNP-
serine. The yellow oolour ~1as discharged by ac:i.d but in acetone 
the \<las as shown in B. 
.2.• Determination of DNP-serine in the Presence o"f DNP-ethanolamine. 
In :figures 6 and 7, :i.t may be seen that the light 
of DNP-serine in acid solution :Ls displaced to the ultra-violet 
with respect to that of DNP-ethanolamine. Also the indicator 
effect i.n alkali :Ls with DNP-serine than with DNP-
ethanolamine. Further a greater of DNP-ethanolamine 
under alkaline co:ndi tions was found: after ref1uxing in 0.05 .! 
potassium hydroxide in ethanol :for 20 minutes, the loss of 
extinction at 40C mr for DNP-serine was 95%, but for DNP-
ethanolaminfl the loss was 20%. In an attempt to establish a 
differential msthod for the determinati.on of the two DNP der5.vati ves, 
atten-tion was to the Janovsky reaction (Janovsky, 1891) 
which is a test for aromatic nitro compounds by the colour produced 
on reaction with acetone in the pre_sence of alkali. 
l10 
Fig. 8. 
340 380 
""' 
420 
'"" 
Spectrum in acetone of the acetone eluate referred to 
j 
in the text. The ordinates represent optical density 
in arbitrary units. 
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With the present derivatives the colour produced in the 
,Janovsky reaction was red, the maximum absorption being at 540 mp. 
It was fo~~d that as the colour yield was inoreased by increasing 
the concentration of acetone or alkali, the stability of the colour 
was less. A compromise system consisting of 0.01!!. sodium 
ethoxide in equal parts of acetone and ethanol was found to give 
the highest colour yj_eld consistent with a fair degree of stability 
(figure 9). In this system the colour yield of DNP-serine at the 
point of maximum development is exactly half that of DNP-ethanol-
amine. While this observation might be applied with some success 
to the determination of DNP-serine in the presence of DNP-ethanol-
amine, a recent development of the Janovsky reaction (Porter, 1955) 
was found to have considerable advantages. 
In the procedure of Porter (1955) the sample is dissolved in 
9.9 mJ.s. dimethylformamide and 0.10 ml. 10% af!U80US tetramethylamm-
onium hydroxide is added. With the two bases in question the 
colour developed is red, but the absorption maximum in this case 
is 430 mp 1 unlike the product in the Janovsky test system. 
Dimethyl.formamide, apart from possessing good general solvent 
properties, has a stabilising effect on the red coloured derivative 
which was found to be very sensitive to even small additions of 
ethanol or acetone. Fi.ve per cent of acetone by volume when 
added to the test system, causes a slow change in colour to mauve; 
Fig. 9. 
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Fig. 10, 
Absorption spectra o~ products from DNP-ethanolamine 
in Porter's system (dots) and in Porter's system 
diluted with an equal volume of acetone (open circles). 
'' 
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with an vcJ.ume of acetone the is i..mmediate but the 
colour fades on st~nd In 10 are shovn1 the 
of the red ( A 430 ro,u) and mauve ( ~ 5701 
max.. ' 
:from With DNP-eerj_ne the SEU.Ge products ::xre formed 
but the yield_ is lower (.see Table 3)" The extincti.on Ett 430 "?' 
derived from DNP-ethar1olamine was stable fer at least an hour l-Jhi le 
thqt from DNP-serine showed. tJ~ detoctable after half an 
Addition o:f alcohol to tbe teet did not alter').. max., 
az dicl ace-tone but colour development m-uch more in the 
c:vse of DNP-ser:LnB than in the case of DNP-etha:r.;.olamine. Addition 
caused 2S~ reduction in 
- ~ I , ~ 
with 10% (by vo1 .. ) o:f' ethanol anri with 20% (by VOl~;) of ethanol 
E 43o was 6,640, which is Rlmost identical m;:t wi-th DNP-serine in 
11). In contrast £ 4 ~0 for DNP-_, mp 
ethcLnolamine in Porter t s 20% ethanol ( vol.) 
was J 6 ,ooo which is 76% of' the value i:n the absence of ethanoJ..., 
The absorption curves shovJn in 11 and 12 demonstrate the 
magnitude of the dif:ference in behaviour of DNP-serine and DNP-
ethanolamine in this system. Vi the difference is obvious, 
::Ln::ummch as DNP-ethanolaJnine :furnishes E:t red colour wbi.le DNP-~~erine 
remains yellow· ... The stability of the red colour from DNP-ethanol-
amine in th:Ls is indicated in the follD~'ing values :for the 
dens of a of DNP-ethnJ1olamine measured 
I 
~10 
Fig. 12. 
I 
I· 
Absorption spectra of DNP-ethano1amine in ethanol 
: N,N-diethylformamide (1 :4 by vol,) before (open 
circles) and after (dots) addition of tetramethylammonium 
hydroxide, 
A 
J3 
c 
D 
B: 
C: 
D: 
Na0E 
\ 
I 
yellow 
red 
me_uve 
E 
:--ced 
2 
430 
570 
s 
<PE ,700 '200 
r::1x 
s 
DJl;:;; 
"' 
17' 500 18,300 
Ifi-}~ 
F'"' r 6,J.OO 12,0CO 
mp 14,000 21.,000 
mp ,ooo 3-0 '000 
E 
m;.? 
= 6,640 ::.6,0CO 
370 s mp 
S= DHF-Serin.e; 
) (see text). 
Porter's system diluted '*'i th an volume of Rcetone~ 
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at intervals (indicated in brackets) after addition of 
tetramethylammonium hydroxide: 0.945 (1'); 0.940 (2'); 
0.930 (4'); 0.925 (6');0.915 (10'). There:fore quite accurate 
determinations can be made provided the alkali, is added immediately 
The determination of DNP-ethanolamine in the presence of 
DNP-serine by the use of the above diif'erential colour reaction 
is best accompli~hed by measurement of optical density at 500 mp 
~rhere there is very little absorption due to DNP-serine. It was 
observed that the at 500 lll)l obeys Beer's Law. By 
measurement of the extinctj.on at 400 mp say 1 of a mixture of 
DNP-.9erine and DNP-ethanolamine in ethanol: N 1 1\1-dimethyl formamide 
be:fore addition o:f alkali and that at 500 mu after the addition of 
alkaH 1 it should be possible to determine the proportion of DNP-
serine in admixture with DNP-ethanolamine<> The calculation may 
be made from the :follo;ling simultaneous equations: 
s. Et 
E400 e 4oo Se + £400 Et ff!Jl = ff,~k r'J1 
s. E+ 
E500 E 5oo Se + e.500 Et m>' ~ ffi" mu •A ~ 
' 
where E" is the density of the unknown, Se is the molar 
concentration of DNP-serine and Et is the molar concentration of 
DNP-ethanolamine. The present results indicate that the following 
values o:f E 400 m;t and E. 500 m,;u may be substituted: 
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E400 - n, 9oo Se + 11,100 Et lll)l 
E500 ~ 2,600 Se + 14,700 Et .mu 
• 
Unfortunately, there was insufficient time to apply these 
principles to hydrolysates of 2,4-dinitrophenylaminophospholipids, 
formed by direct reaction of lipid with PDNB (Chapter 5). 
Discussion'" 
At the outset of the work described in this chapter, it was 
believed that nj possessed advantages over other reagents 
in 
previously used for the determinati.on of amino-ni trogen~lipid 
hydrolysai~es, with regard to its se.nsi ti vi ty and ease of application. 
The paper chromatographic procedure of levine an.d Chargaff (1951) 
seemed to be a simple and convenient method for the separation of 
serine and ethanolamine. Although the latter method represents 
a distinct advance in refi_nernent of technique, :Lt was found to have, 
a number o:f disconcerting weaknesses• (a) The separation of serine 
and ethanolamine in lipid hydrolysates compared very poorly with 
the separation of synthetic mixtures, with the result that guide 
strips were not an accurate means o:f locating the bases for estimation. 
This may have been due to distortion of the etha.nolamine spot by 
choline which runs to the eame position; and more especially, 
distortion of the serine spot (RF' 0.20) by salt, glyceryl phosphate, 
etc. Application of the spray reagent o:f Hanes a.nd Isherwood 
(1949) showed evidence of phosphate esters in the same position as 
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serine. (b) Ow:i.ng to the low and variable ~ield of Ruhemann 1 s 
Purple with the reagent of Moore and Stein (1948) which is due partly 
to impurities in the chromatography paper bearing the amino compound 
(Boissonnas, l950j, it was necessary to carry out analyses of 
standard mixtures on lanes adjacent to those carrying the unknown. 
(c) The blank value was frequently high, perhaps due to retention 
of atmospheric ammonia by the paper. 
That metallic cations were a cauee of the low and variable 
yield of colour in the ninhydrin reaction was suggested by the work 
of Meyer and Ricklis (1953) and Troll and Cannan (1953). The 
latter introduced a new reagent consisting of a pyridine-phenol 
buffer incorporating potassium cyanide as reducing reagent in place 
of stannous chloride which was used by Hoore and Stein (1948), 
Troll and Cannan (1953) also strsssed the importance of removing 
contaminating cations from the pyridine and phenol by treatment 
with permutit. 
Considering the results quoted above, it was decided that more 
effective use of the ninhydrin reagent would be made if the lipid 
hydrolysate were submitted to ion-exchange analysis, thereby 
removing interfering cations at the same time ae effecting a 
separation of acidic and basic components. A modified form of the 
reagent of Troll and Cannan (1953)when applied to standard solutions 
of serine and ethanolamine made up in once distilled water 0.1 N 
with respect to hydrochloric acid, gave yields of Ruhemann's 
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p ple equivalent tq an apparent E of Ruhemann's Purple ur __ , - max. 
(based on the quantity of amino-nitrogen taken) qf 16 1 000 to 
rs,ooo. After chromatography on Amberlite IRC-50, the apparent 
E rose to 25,000 for both serine and ethanolamine. Troll 
max~ 
and Cannan (1953) found an apparent #; of 21 1000 - 22,000 for max. 
amino-acid solutions without ion-exchange treatment and claimed 
the same £ for the sodium salt of diketohydrindamine-
max .. 
diketohydrindylidene ,which they prepared. However an independent 
estimate by McFadyen and Fowler (1950) was 25,000. Comparison 
with my own results indicates that it is possible to obtain 
QUantitative yields of Ruhemann's Purple if the bases in question 
are separated by ion-exchange chromatography, thereby dispensing 
with the controls which are necessary in paper chromatographic analy-
sis ... 
The method developed in the present section is not without its 
own short-comings. These are (a) the collection of a large number 
of eluates and (b) variation in the ''trough" values between serine 
and ethanolamine, which impairs the accuracy of determination of 
serine when it is present in small quantities in relation to 
ethanolamine. 
I:f there is a need to recover serine and ethanolamine in 
phospholipid hydrolysates, for example in the event of turnover 
studies with Lao topic carbon or nitrogen then an advantage ts to 
be fained by their conversion to stable derivatives 14hich can be 
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estimated spectrophotometrically~ In the present appJ.j.cation 
o:f the reagent fluoro-2,4-dinitrobenzene, the reaction system 
employed is different from that introduced by (1945) and 
s1nce widely adopted by- other workers. The use of sodium bicar-
bonate in Sanger's reaction system is accompanted by numerous 
di:fficul ties not the least o:f \•.rhich is the removal of the salt 
at the completion of the reaction. A careful s 
lim:tting conditions necessary :for quantitative :re8.ction in the 
presence of triethylamine as base hr:.s reduced si.d e-products to 
a level where 0;, 5~ - 2 .,0 .)J. moles of amino-ni troe.~en can be determined 
d 
There j_s 8. DlL1lber o:f yJublished methods for the separation 
of N-2,4-dinitrophenyl derivatives. The most 
method for the separation of DNP-n.mj"on-acids is the t\>10-
dimensional paper chromatography of Levy (1954)* DNP-amino-
&lcohols generally require quite different solvent :for 
by paper chromatography~ for example those of Jatzkewitz 
and Nguyen-Dang Tc& (1954). Column ctroma:tography o:f DNP-amino-
alcohols has been studied by Green and Kay (1952) and Grassmann, 
E!lrman and Endres (1954). Since DNP-amino-a1coho1s t-J.re much 
less strongly adsorbed than DNP-amino-acids, tbe main c1 
in the ion of column chromatography vias the 
separatton of DNP-ethan0lamtne from dint trophenol. Experiment-
at ion with eluant's bt3.sed upon those introduced by Green and Kay 
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(1952) lead to the choice of a mixture cf tris:ilicate 
and celite as adsorbent. Treatment of the reaction produotB 'Ji th 
acid prior to transfer to the column vnu3 undertaken to convert 
dini tropheno1 to its undissoci.ated :fo.r·m tn Vlhich it was expected 
to be least strongly adsorbed. Unless the column itself was 
also acid-H8,shed, dinitrophenol formed a coloured band Ylhi oh ~eras 
only with difficulty separated from DNP-ethanolamine. The 
procedure is much simpler than ninhydrin methods but has one 
disadvantage in the instability of DNP-serine if ehrornatographed 
in dayJighto 
Fluoro-2,4-dinitrobenzene 1;18-S applied independently to the 
2-nalysis of ami:no-ni troeen in lipid tJ.ydrolysates by Axelrod, 
Reichental and Brodie (1953). These authors carried out the 
reaction in the system of Sanger ( 1945) and employed a some;;hat 
complicated series of soJ~ent distributions in order to separate 
DNP-ethanolamine :from DNP-serine, The latter \<las not 
from dinitrophenol so that extinction measurements were made in 
acid solution at 420 rry and a blank correction made. Because 
of the necessity of making four successive transfers of DNP-serine, 
at each transfer an aliquot being·taken, the method suffers a 
marked loss o:f sensitivity as well as faj.ling to isolate the 
derivatives in a pure statee 
With the development o:f a method for ·the preparation of the 
DNP derivative of intact cephal].n, which io readily separated 
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from excess reagent and side-products by application of a high 
vacuum (Chapter 5), a need was anticipated for the determination 
of DNP-serine and Dl{P-ethanolamine in the intact derivative. 
Acid hydrolysis of DNP-li.pid would provide DNP-eerine and DNP-
ethanolamine as the only DNP derivatives present provided there 
is no decomposition; these might then be separated by column or 
paper chromatography. 
If there is no need to recover the split DNP-bases, thsir 
simultaneous determination by a suitable differential method would 
furnj.sh a rapid a..T!d elegant procedure for the estimation of serine 
and ethanolamine in lipid extracts. A method of this nature is 
especially suited to following the resolution of DNP-lipids by 
column chromatography or counter-current distribution where a 
large number of analyses is necessary, 
A study of the behaviour of DNP-serine and DNP-ethanolamine 
in various modifications of the Janovsky reaction (Janovsky, 1891) 
has shown a way to accomplish the simultaneous determination of 
DNP-ethanolamine and DNP-serine in hydrolysates of DNP-lipid. 
The basic requirements of this reaction appear to be an aromatic 
nitro group, an active methylene group and alkali. The absorption 
spectra may be referred to a variety of ionised quinonoid forms 
but owing to their extreme lability (except i.n certain sol vents, 
such as dimethylformamide), it is doubtful that they could be 
isolated. Experimentation with the system of Porter (1955) 
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based on the reaction has resul~ed in a test 
in which DNP-ethano}.smine develops a red colour while DNP-
serine remains yellow·~ 
Ideally, such a test system should be applied to DNP-1ipid 
without hydro1.ysis; it is probable that simi.lar experimentation 
with samples of' DNP-phosphatidyl eth'lnolamine and DNP-phosphatidyl 
serin.e would provide the answer. However limitations of time 
prevented the application o:f this test system to the 
of DNP-lipid.~ 
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OHAPTER 4. 
SU!1MARY. 
(a) An improved application of the ninhydri.n method 
to the analysis of phospholipid hydrolysates has 
been described, 
(b) There is no further liberation of amino-nitrogen 
from phospholipids following 0.5 hours's refluxing 
in 6 ! ethanolic hydrochloric acid; there is a 
significant loss of amino-nitrogen after 8 hours' 
hydrolysis, 
(c) Isolation of the amino-nitrogen of phospholipid 
hydrolysates has been accomplished by quantitative 
conversion to the 2 1 4-dinitrophenyl derivatives 
and adsorption chromatography. 
(d) A method has been developed for the simultaneous 
determination of DNP-ethanola.mine and DNP-serine 
without separation from one another, 
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CHAPTER 5 
The Preparation of 2.4-Dinitrophenyl-Gephelin. 
Introduction. 
The history of phospholipid chemistry is to a very large extent 
an account of isolation and purification of native phospholipids from 
naturally occurring complex mixtures. In this work, little advantage 
has been taken of altering the functional groups of a particular species 
in such a way as to effect a marked change in physical properties and 
so facilitate a separation. The customary addition of magnesi1.1111 
chloride to bring about quantitative precipitation of phospholipids 
by acetone is the most common example of the application of this 
principle. Hydrogenation has been used to obtain pure hydrogenated 
lecithin (lltevene and Rolf, 1926 b) and cephalin (§ray, 1940). This 
step however, has only been found of assistance at a late stage in 
the purification process. 
Addition of halogens to the unsaturated residues (Levene and Rolf, 
1926 a) has been carried out as a means of characterisation; it has 
not been recommended to facilitate isolation. Numerous reactions have 
been described in the patent literature but they are very obscure and 
of doubtful use for the isolation and characterisation of phospholipids. 
The idea of forming an intact derivative of native cephalin was 
suggested in the first place by the example of protein chemistry, 
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Moreover of the known phospholipids, cephalin lends itself best to 
chemical modification, being the only phospholipid in which there 
occurs a functional group namely the amino group, with a sufficient 
degree of reactivity to render the idea feasible. 
Of the numerous reagents which are in use for the modifiostion of 
the free aminogroup in proteins, fluoro-2,4-dinitrobenzene was the 
obvious choice, being fat soluble. The reactivity of the amino group 
in cephalin was realised as long ago as 1916 when Levene and West 
reacted a cephalin fraction from brain with phenyl- and anpht~l 
isooyanates to obtain what appeared to be phenyl- and napht~l ureide 
derivatives of cephalin. Witanwski (1928) provided indirect evidence 
of methylation by formalde~de of the amino group of cephalin thereby 
obtaining lecithin. 
~ Tbe Reaction gf Cephmlin with Fluoro-2.4-dinitrobenzene. 
J.... Reaction of Lipids with FDNB in Sanger 1 s System, 
Exoerimental ang Resulta 
In early experiments use was made of the reaction system of Sanger 
(1945), originally designed for water-soluble substances, The material 
used in these experiments was the petroleum ether-soluble portion of an 
ethanol:ether extract of rat liver. The extract was not acid-washed. 
In a typical experiment, 26.5 mgms. total rat liver fat was 
dissolved in 1.0 ml. chloroform in a blackened flask. Ethanol (6,0 mls.) 
IJ1. aqueous socllm bicarbonate (1.0 ml.) and one drop of FDNB were added 
and the flask shaken for two hours at room temperature, The excess 
sodium bicarbonate was removed by centrifugation, washed with ethanol 
and the supernatant and washings taken to dryness in vacuo. The residue 
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was taken up in 2.0 mls. water-saturated amyl alcohol and placed on a 
column which consisted of 2.5 gms. Whatman standard grade paper powder, 
prepared in the same solvent. Development with water-saturated n-amyl 
alcohol removed the bulk of the yellow colour at the front, leaving 
behind a yellow band which could be &luted with ethanol:water (4:1 by vol.) 
containing a O.J.% ammonia. 
The amyl alcohol eluate after evaporation to dryness, was dissolved 
in ether and the ether solution washed with dilute sodium bicarbonate 
until no more yellow colour passed into the aqueous phase. The residual 
ether solution still had a yellow colour which was taken as evidence of 
the formation of DNP-cephalin. 
The aqueous ethanol eluate contained phosphorus and on chromatography 
on ilhatman No. l paper sheets in the upper layer of a system consisting 
of tert.-amyl alcohol:pyridine:water (5:1:5), moved to the position of 
DNP-ethanolamine phosphoric acid (Rjr 0.15). It therefore appeared that 
a certain degree of hydrolysis had taken place in the reaction system 
of Sangar (1945). 
Other experiments were aimed at bringing about more complete 
hydrolysis of cephalin in this system without regard to the isolation 
of DNP-lipid. For example by heating a reaction mixture on the boiling 
water bath for .30 mins., roughly .30% of the total phosphorus could be 
obtained in water-soluble form. After removal of sodium bicarbonate by 
ethanol precipitation, followed by concentration of the ethanol-soluble 
fraction, the DNP derivatives were precipitated with ether and chromate-
graphed on paper sheets in the system described above. The chromatograms 
revealed DNP-ethanolamine phosphoric acid, yellow material at the front 
which could be DNP-ethanolamine and an unidentified DNP-derivative, 
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the !IF of which was 0.51 as compaxed with DNP-serine, the !IF of which was 
0.62. Also the DNP-serine spot darkened on exposure to light while the 
unknown remained yellow. Control experiments in which serine and 
ethanolamine were submitted to the same treatment as the lipid, did not 
result in the appearance of the unidentified material • 
.6.., The Reagtion of Lipids with FDNB in an Anhydrous System. 
Exnerim.ental. 
Materials. 
Procedure. 
Resu1ts. 
FDNB was re-crystallised from ethanol. Stock 
solutions of FDNB were made up in benzene. 
Benzene, A.R., was dried over sodium wire. 
Triethylamine was distilled in a fractionating 
column and the middle fraction was used. Both 
triethylamine and ethanol were dried over calcium oxide. 
Acid-washed fractions V and III of the ox-brain cephalin 
of Folch (1942) which has been described in Chapter 2, 
were used in the experiments. 
Reaction rates were determined by measurement of the 
optical density at 420 m~ where there was negligible 
absorption dna to FDNB. Control systems from which 
blank corrections were made, contained everything except 
the lipid. 
The reaction of FDNB with lipid amino-groups has been studied in 
relation to {a) the effect of solvent on reaction rate; and (b) the 
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effect of base on the reaction rate. The aim of this study was to establish 
limiting conditions for the quantitative reaction of FDNB with lipid amino 
groups while keeping side-products to a minimum. 
In contrast to the similar study with serine and ethanolamine (Chapter 
4), no well characterised reference material was available. Synthetic 
cephalin had it been available, may have been the most suitable reference 
material but even this is unstable and undergoes loss of amino-nitrogen 
on storage (Lea and Rhodes, 1955; Scholfied and Dutton, (1955). The 
preparation of cephalin according to Folch (1942) was undertaken with 
the objective of securing reference material but unlike that of Folch 
(1942), the present preparation bad a low proportion of amino-nitrogen 
to total nitrogen (Chapter 2) when analysed by the ninhydrin method, 
after hydrolysis. Nevertheless important information could be gained 
regarding the rate of the reaction and factors which may influence it. 
In figures l and 2 the effect of solvent and base respectively, 
are shown. In figure 2 the open circles indicate the optical density 
obtained after adding two drops of 1.0 H hydrochloric acid in order to 
obtain a result which could be referred to standard conditions. It 
is evident in figure 2 that under three different sets of conditions 
the final yield was the same. The same result was obtained when similar 
systems were allowed to stand overnight at room temperature, The fact 
thst curves land 3 had not flattened out at the, time the reaction was 
stopped is apparently due to the slower formation of dinitrophenol from 
traces of moisture in the fat. This conclusion is supported by the shape 
of curve 2 where the fat sample was dried over phosphorus pentoxide. 
Dinitrophenol as the trietlzy-lamine salt has strong absorption at 420 mp., 
but in acid solution it bas no absorption at 420 mp.. 
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Fig. l. 
Effect of solvent on the rate of formation of DNP-cephalin 
in the presence of 0.04 ! FDNB. The reaction was carried 
out in the following solvents: (1) benzene, (2) ethanol 
benzene (1:1 by vol.) and (3) ethanol : benzene (4:1 by vol.). 
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E:f:fect of base on the rate of :formation of DNP-cephalin 
in the presence of 0.04 ~ FDNB. The rates of reaction 
are shown :for.(l) benzene containing 0.04 M triethylamine; 
(2) ethanol:benzene (4:1 by vol.) containing 0.01 ~ 
triethylamine; and (3) ethanol:benzene (4:1 by vol.) 
containing 0.05 ~ triethylamine, The open circles indicate 
the optical density obtained after acidification with 
1 N hydrochloric acid, in order to obtain a result which 
could be referred to standard conditions. The sample of 
cephalin in reaction (2) had been dried over phosphorus 
psntoxide, 
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Disaussion. 
Since FDNB is a reagent soluble in fat solvents, it is obviously 
more suitable to fat chemistry thai!. to protein chemistry. Thus a reaction 
system quite different to'lhat of Sanger (1945) was indicated. It was 
thought that this system deserved study in exploratory experiments. 
In an independent study of the reaction of FDNB with lipid from 
Neurospora crassa, l!:llman and Mitchell (1954) employed a modification 
of Sanger's system similar to that described here but made no attempt 
to separate the DNP-lipid from excess FDNB and side-products. They 
submitted the total reaction mixture to acid qydrolysis and isolated the 
DNP-derivative of a new base, amino-2-metcyl-2-prepanol, from the cydrolysatE 
The present study has demonstrated an unexpected lability of cephalin in 
Sanger's system whereqy hydrolysis occurs with the splitting off of 
DNP-ethanolamine and DNP-ethanolamine phosphoric acid. The formation 
of DNP-ethanolamine phosphoric acid is surprising in view of the fact 
that in glycerylphosphorylethanolamine, the base-phosphate bond is more 
labile than the glycerol-phosphate bond (Schmidt, Bassman and Thannhauser, 
1953). It therefore appears likely that DNP-ethanolamine phosphoric 
acid results from the hydrolysis of DNP-cephalin and that the mechanism 
of hydrolysis of DNP-cephalin is different from that of native cephalin. 
The formation of phosphorylated base using very mild alkaline cydrolysis 
may serve a useful purpose in turnover studies with radioactive phosphorus 
(p32). 
The reaction of halogeno--2,4-dinitrebenzenes with amines in 
anhydrous solvents has been investigated kineticallY b.1 several authors 
and provides a basis for applying the reaction to aminophospholipids. 
Brady and Cropper (J.95Q) pointed out that chlorodinitrobenzene (CDNB) 
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reacts with only half an equivalent of base since it is unreactive towards 
the positively charged portion formed as a side-product: 
Fluorodinitrobenzene (FDNB) however, is capable of reacting with the 
ionically charged base. Thus, while CDNB consumes two moles of base 
per mole of CDNB, FDNB consumes only ons mole of base per mole FDNB, 
Moreover FDNB reacts 100 - 200 times as fast as CDNB at JO'C. FDNB 
is clearly the more suitable reagent for the preparation of dinitrophenyl 
derivatives but there are aspects of the reaction which have only been 
studied with CDNB and it is instructive to consider these before applying 
the reaction to new substances. 
The reaction with aliphatic amines has been studied only with CDNB. 
Brady and Cropper (1950) found steric effects to exert a considerable 
influence on the rate of reaction. The rate with methylamine is only 
one tenth the rate with dimethylamine which is a stronger base. However 
the rate with ethylamine is 4.5 times the rate with diethylamine, presumably 
because the ethyl group provides steric hindrance while the methyl group 
does not. Di-isopropylamine is only 10-2 times as reactive as diethylamine, 
On the other hand, while ethylamine is a third as reactive as methylamine, 
further linear extension of the alkyl chain does not greatly influence 
the reaction rate. 
Chapman and Parker (1951) have ascribed the increased reactivity of 
FDNB with aromatic aminss as compared with CDNB, to greater solvation of 
a relatively stable transition state and this was claimed to be the 
essential role of the proton acceptor. The pronounced effect of ethanol 
on the reaction rate which must be due to solvation, is evident in figure 1. 
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However as may be seen in figure 2, the effect of' triethylamine is of' 
much greater significance than that of' ethanol. Thus it is possible 
to obtain a rapid reaction of' FDNB with lipid amino groups in a non-
polar (and hence non-reactive) solvent such as benzene, provided 
triethylamine is present. The spectrophotometric nature of' the 
measurements makes it difficult to go beyond these simple comparative 
deductions. It is probable that the extinctions measured are the sum 
of' that due to the transition state and that due to the product. Since 
the absorption curve of the transition state is probably quite different 
from that of the DNP derivative to which it decomposes, the information 
obtained is not sufficient in itself to enable any conclusions to be 
made about the actual mechanism of the reaction. 
!h The Preparation of' DNP-Cepbal in. 
Experimental. 
It is evident from the preceding section that the reaction of' 
aminophospholipid with FDNB provided triethylamine is present, is 
quite rapid. The routine procedure for the preparation of DNP-lipid 
has been as follows: 
The fat sample containing 5 - 50 Jl moles of amino-nitrogen, was 
dissolved in 5 -10 mls. benzene, 2 drops of FDNB (approx:. 0.2 m mole) 
and 2 drops of triethylamine (approx:. 5 m moles) added, allowed to 
stand l - 2 hours at room temperature and taken to dryness at the 
water pump, being maintained at 50'0, for a few minutes to ensure complete 
removal of triethylamine. The residue consists of' DNP-lipid, FDNB 
and a small amount of side-products consisting o:f' dinitrophenol (formed 
from moisture in fat and reagents) and products formed by reaction of' 
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FDNB with trietqylamine. Even triethylamine which had been carefully 
distilled in a large (4• x 5 1 ) fractionating column, was found still to 
give a slight reaction withFDNB. 
The removal of FDNB and blank has been accomplished in two ways, 
the first being that generally adopted: 
(a) Distillation on to a cold finger at a temperature of 80- 100·c. 
(boiling water hath) and a pressure of 0.05 - 0.01 mm. mercury. While 
FDNB distills readily under these conditions, for complete removal of 
blank it is necessary to redistribute the fat on the walls of the flask 
at least once. A flask of the dimensions shown in figure 3 (about 60 mls. 
capacity) sufficed for samples of fat from 5 to 50 mgms. With larger 
samples of fat (and larger amounts of FDNB) it was found preferable to 
use a larger flask and so obtain a more rapid removal of the blank. 
(b) Chromatography of the reaction mixture (from which triethylamine 
had been removed) on talc or celite. This procedure will be described 
more fully in a later section. It is not recommended for analytical 
work since one cannot always be certain of quantitative elution of the 
DNP-phospholipid, which depends upon the amount of cephalin in the fat 
sample and the ratio of fat to adsorbent. 
Having isolated DNP-lipid free of non-lipid DNP material, the amount 
present was determined from the extinction in petroleum ether at A max., 
which is 345 1191 (figure 4). E max. has been assumed to be 161 5001 an 
approximate figure which is based upon the following facts: (a) E max. 
of DNP-serine in acid ethanol (A max. = 345 mu) is 15,700 and Emax. of 
DNP-octadecylamine in ethanol ( Amax. = 34S mu) is 171300. (b) the 
highest E max. (P) (extinction in 1 litre per gm. atom of phosphorus) 
obtained for DNP-cephalin after chromatography, was 171 000. (c) the above 
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Fig, 4. 
Absorption spectrum of a sample of DNP-cephalin measured 
in petroleum either (dots) and in ethanol (open circles). 
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a free aeid than the native phospholipid. As pointed out in Chapter 3, 
this should enable more aeeurate titration of lecithin in the presence 
of cephalin. It also permits modification of the aeid group (Chapter 7) 
with less ambiguity than in the native phospholipid. 
(e) It should be possible by mild hydrolytic means, to obtain the 
phosphorylated base and glyeerylphosphoryl base which could be separated 
by paper chromatography and determined speetrophotometrieally without 
the need for markers as in the procedure of Dawson (1954b) for native 
cephalin. 
Not all of the advantages inherent in the formation of DNP-cephalin 
have been exploited. Attempts at the isolation of the DNP derivative 
by chromatography will he described in the following section. The 
direct determination of lipid amino-nitrogen in this form is the subject 
of Chapter 6 while the esterification of DNP-eephalin will be considered 
in Chapter 7. 
Q... The Chromatography of DNP-cephalin. 
Exoerimental flllll Results. 
Initial experL~ents carried out with DNP-lipid from rat liver showed, 
as might be expected, that glycerides and vitamin A are much less strongly 
adsorbed than phospholipids and are thus readily separated by adsorption 
chromatography. The present account will be confined to the behaviour 
of the fractionated cephalin of Foleh (1942). 
Adsorbents tested were silica (B.D.H.) sucrose (Baker's sugar) tale 
(pharmaceutical), eelite (0 Hyflo-supereel") and "silieoned" celite 
(Jutisz, Privat de Garilhe, Suquet and Fromageot, 1954). A series of 
eluants of increasing polar strength consisted of benzene, chloroform, 
mixtures of chloroform and ethanol, and ethanol or ethanol:water. 
103 .. 
l.... The Re1ative Strengths of Adsorbents. 
Columns of adsorbent were prepared in petroleum ether or benzene 
and the DNP-lipid applied in the same solvent, the ratio of adsorbent 
to phospholipid being of the order l - 2 gms./ mgm. of phospholipid. 
Early exploratory work consisted of chromatographing DNP-lipid prepared 
from rat liver fat on sucrose, by which means it was found possible to 
separate vitamin A which was eluted by petroleum ether, from DNP-lipid 
fractions which were eluted by chloroform and acetone, The light 
absorption of the coloured eluates when measured in petroleum ether, 
was identical with that of DNP-cephalin prepared from the ox-brain 
fractions. However not all of the DNP derivative could be recovered 
from sucrose uoless ethanol was employed as eluant, with consequent 
solution of the adsorbent. 
A survey of alternative weak adsorbents taking the same ratio by 
weight of adsorbent to phospholipid, led to the follOWing order of 
adsorptive strengths beginning with the weakest: nsillconsd" celite, 
sucrose, celite, tale and silica. This series was found by development 
of the chromatogram with the following solvents of increasing power of 
elution : petroleum ether, benzene, chloroform and ethanol. For example, 
an eluate from talc obtained with ethanol : chloroform ( 1 : 4 by vol.) 
when transferred to an equal weight of 0siliconed" celite, was almost 
completely eluted by benzene. 
Band formation was frequently observed upon development with weakly 
polar solvents such as benzene and chloroform but without careful adjust-
ment of the proportion of adsorbent to phospholipid, elution of these 
bands required the use of an ethanol-con1Bi.ning eluant which caused the 
slower fraction to spread and be partly eluted with the faster. 
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Absorption spectra in ethanol of eluates obtained on 
chromatography of cephalin - FDNB reaction products on 
talc. Curve A chloroform eluate. Curve B : ethanol 
chloroform (1:4 by vol.) eluate. Curve C : ethanol : 
water (9:1 by vol.) eluate. 
.6& Chrnmatogrqphy on Ta.lc. 
Chromatography on talc was found to be an effective means of isolating 
DNP-oepbalin from a reaction mixture containing FDNB and side-products. 
This is illustrated in the following experiment. 
A reaction mixture containing 7.35 lllglliS. fraction V (acid-washed) 
was taken to dryness in yacug to remove triethylamine, dissolved in 
benzene and transferred to a column of tic (5 gms.) which had been 
prepared in benzene, The yellow zone of adsorption extended about 
half-way down the column and was not affected hy washing the column 
with benzene; but it was resolved into two bands hy chloroform, one 
band moving at the front. Each band was collected separately. 
Ethanol:chloroform (1:4 hy vol.) and ethanol:water (9:1 hy vol.) removed 
further yellow material but there was no distinct band formation. The 
absorption spectra of these eluates, measured in ethanol, may be seen 
in figure 5. Both chloroform eluates were predominantly side-products, 
the second (curve A) being dinitrophenol apparently contaminated with 
a small amount of DNP-lipid. The subsequent two eluates (curves B and 
C respectively) both contained phosphorus, £ max. (P) in ethanol being 
19,000 and 14,000 respectively. The total phosphorus recovered was 
55%, 40% being recovered in the last eluate. The recovery of phosphorus 
thus compares well with the atomic ratio of amino-nitrogen to phosphorus 
in acid-washed fraction V, which was 0,59 (Table 4, Chapter 2). 
In another experiment, talc which had been washed with 10% (w/v) 
aqueous acetic acid followed hy ethanol and benzene, was employed for 
chromatography. A similar aliquot of fraction V as taken in the 
previous experiment, after reaction FDNB and removal of triethylamine, 
was transferred to 5 gms. acid-washed talc in benzene; development 
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with benzene in this ease removed all the blank (dinitrophenol being in 
undissooiated form) and resulted in the appearance of two well separated 
and well defined zones of adsorption. The first (A) was eluted with 
chloroform: benzene (1:4 by vol.) and had A max = .340 mu (oyolohexane); the 
second (B) was largely eluted with ethanol:benzene (1:19 by vol.) and had 
.>.max. ,. 345 lll)l (eyclohexane); the remainder (C) was eluted with ethanol; 
water (1:9 by vol.) and had )I max. • 350 mp (cyolohe:mane). Based on 
extinctions at }I max., the proportionA: B:C was 30:40:30, e max. (P) being 
respectively 13,800, 141 500 and 5,000. Recovery of phosphorus was 63%, 
compared with 55% in the previous experiment. Further comparison with the 
previous experiment shows an improved ease of elution of the derivatives 
as well as better resolution, there being a difference of 10 ~ between 
A max. of the least and most strongly adsorbed fractious but the separation 
from non-DNP-lipid phosphorus is poorer • 
..l., Efficiency of Adsorption Chromatography. 
The low content of amino-nitrogen in acid-washed fraction V was a 
disadvantage for the preparation of pure DNP-oephelin. The recovery of 
phosphorus and extinction in the above two experiments shows that a good 
measure of purification of the derivative has been aeP~eved by chromatography 
An additional approach was further purification of the native cephalin before 
reaction with FDNB. This was attempted by distribution between solvents 
and a buffered aqueous emulsion (Chapter 2) but the material obtained bad 
an even lower proportion of amino-nitrogen to total nitrogen than the 
acid-washed preparation. When the butanol extract at pH 10 of fraction V 
(Table 6, Chapter 2) was reacted withFDNB (using the cold finger for removal 
of blank) the yield of DNP derivative taking£ max. (petroleum ether) 
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: 16,500, was only 22% based on total nitrogen as compared with 59% yield 
with the acid-washed starting material. The following experiment describes 
an attempt to isolate DNP-cephalin from the above butanol extract after 
reaction with FDNB. 
A quantity of material containing 4.76 p moles nitrogen was reacted with 
FDNB and after removal of triethylamine, the reaction products were dissolved 
in ether and washed with 0,1 H hydrochloric acid followed by water then 
taken to dryness and transferred to a column of talc (5 gms.) in benzene, 
After washing the column with benzene and chloroform to effect removal 
of side-products the chromatogram was developed with a 0.5% solution of 
trimethylamine hydrochloride in chloroform. Two well-defined bands resulted 
the faster (A) having )\max. (petrol) at 340 m}l and Emax. (P) = 15,000 
while the slower (B) had ..llmax. (petrol) at 340 mp. and Emax. (P) • 17,000. 
Some yellow colour remained on the column and was eluted with ethanol. 
This material (C) bad }\max. at 342 mp. and Emax. (P) : 9, 700. Calculated 
on the basis of the extinctions at max.• the proportion',A:B:C • 61:25:14. 
The recovery of phosphorus was 25%. 
When the above experiment was repeated with an incomplete reaction 
mixture (absence of triethylamine) so as to ensure incomplete reaction of 
amino groups with FDNB, eluates A and B bad Cmax. (P) of 12,100 and 12,500 
respectively while for C, E max. (P) was 2,020. The proportion A:B:C was 
69:21:10. The recovery of phosphorus was .32%. In this experiment the 
proportions of the three eluates and the total extinction recovered were 
of the same order as in the analysis of the complete reaction mixture, 
but the recovery of phosphorus is higher and this is shown in lower values 
for f. max. (P) of the fractions. 
If the true Emax, (P) in petroleum ether is taken as 16,500 it may be 
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calculated that for the first of the above two experiments the DNP-cephalin 
recovered is 23% of total lipid-nit~ogen, which is in good agreement with 
the result obtained when the blank was removed by means of the cold finger 
(22% of total nitrogen). The two experiments suggest that while chromatogra 
effectively separates DNP-cephalin from non-aminophospholipid, there is littl 
separation from unreacted aminophospholipid. 
~ Resolution of DNP-cepha1in. with regard to Spectroscopic Properties. 
In previous chromatographies (e.g., section 1) there was evidence that 
the more easily eluted DNP-cephalin fractions had }!max. sol!lewhat lower than 
the less readily eluted fractions when measured in petroleum ether. In 
order to obtain better evidence of the possible heterogeneity of DNP-cephalin, 
an experiment was designed without particular regard to recoveries but with 
the aim of isolating an enriched "fast-running" fraction, a 11middle" fraction 
and a "slow-running" fraction. 
The material taken for this experiment was fraction C of Table 6, 
Chapter 2. The products of reaction with FDNB, after removal of triethylamir 
were washed in ether solution with 0.1 li hydrochloric acid, followed by 
water, After taking to dryness, they were transferred in benzene to a 
column of talc (10 gms.). A benzene eluate containing DNP-lipid due to 
overleading, was reserved for further purification, The adsorbed material 
was eluted with ethanol:chloroform (1:4 by vol,) and ethanol:water (9:1 by 
vol.). The combined ethanol:chloroform and ethanol:water eluates were then 
placed on 15 gma. celite in benzene. Benzene and chloroform removed two 
fast-running bands which were discarded, The bulk of the remaining material 
was eluted by ethanol:chloroform (1:4 by vol.), and was labelled "middle 
fraction", Ethanol:water (9:1 by vol.) eluted further material which was 
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Absorption spectrum in petroleum ether of "fast-running" 
material from fraction V, referred to in text. 
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labelled "slow-moving fraction". The benzene eluate from the first 
chromatography on talc was placed on 10 gms. celite in benzene. Benzene 
eluted a fast-running hand, presumably blank, which was discarded. 
Subsequently tbe ethanol:chloroform (1:4 by vol.) eluate was collected and 
labelled 11fast-running fraction". 
The most interesting fraction was the 11fast-running fract.i.on". Tbe 
absorption spectrum measured in petroleum ether showed )I max, at .340 m)l 
with evidence of a subsidiary maximum at 405 m)l (figure 6). This is 
quite different from the absorption spectrum in petroleum ether of total 
DNP-cephalin (figure 4). E. max. (P) of this fraction was 9, 900 and the 
ratio of fatty acids to phosphorus (the method for fatty acid determination 
is described in Appendix 1) was 2.8. Tbe 11middle fraction"bl.d tbe usual 
absorption characteristics of DNP-cephalin in petrol. E max. (P) was 
11,400 and the fatty acid to phosphorus ratio, 2.2. Tbe "slow-running 
fraction" was insoluble in petrol and had )1. max. at .348 m)l in ethanol. 
~ Re-chromatography of DNP-qepha1in Fractions. 
The starting material in this experiment was sub-fraction IIIb of 
Table 7, Chapter 2. One of the objects was to see whether a fast-running 
component similar to that prepared from fraction V could be fonnd in 
fraction III of the brain cephalin and at the same time to observe whether 
constant E max. (P) could be obtained on repeated chromatography. 
A quantity of material containing 31 )l moles nitrogen was reacted 
with FDNB and the reaction products after acid-washing, transferred in 
benzene solution to a column of celite (15 gms,). After elution of side-
products with benzene, DNP-lipid was eluted withethanol:chloroform (1:4 ~ 
vol.) and ethanol:water (9:1 ~ vol.); tbe yield of DNP-cephalin was 7r:JJ, 
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Fig. 7. 
Absorption spectrum in petroleum either of "fast running" 
material from fraction III, referred to in text. 
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of total nitrogen on an equivalent basis. Re-cbromatography was carried 
out on 20 gms. celite. No band formation was observed. Chloroform 
spread the zone of adsorption but did not elute any material. Elution 
was effected with ethanol:chloroform (1:9 and 1:4 by vol.) to give fraction J 
Etbanol:water (9:1 and 2:3 by vol.) provided fractions B and C. The 
absorption spectra of A and B were measured in petroleum ether but that 
of C in benzene, since it was insoluble in petrol. All had ~ ll!BX. at 
345 mp and their respective ell!BX. (P) were 111 7001 14,800 and 8,,300. 
The molar ratios of fatty acids to phosphorus were respectively 2.581 2.04 
and 1.92. The recovery of' extinction in the second chromatography was 
9()%. 
When B was re-cbromatographed on siliconed celite (20 gms.), most of 
it moved at the front in benzene to give D. A chloroform eluate (E) and 
an ethanol eluate (F) were collected for comparison. All fractions had 
:A max. at 345 mp measured in benzene; in the case of D, the inflection at 
400 - 420 m)l took on the appearance of a maximum (figure 7) similar to 
that in the "fast-running11 material from fraction V. Their respective 
E max. (P) were 141 5001 14,600 and 15,000. Based on their extinctions 
at 345 ~~ the proportion D:E:F = 85:9.5:5.5· The recovery of extinction 
was 8S%. 
Disqussion. 
At the time this work was commenced (1953) there were no reports of the 
successful isolation of cephalin by chromatography. The experience of 
Borgstrom (1952) who SUdied chromatography of phospholipids on sucrose, 
silica gel and magnesium oxide, first indicated the possibility of recovering 
cephalin by e,dsorption methods. While Borgstrom (1952) was able to recover 
110. 
the total phospholipids from silica in a methanol eluate, he did not attempt 
the separation of cephalin from choline-containing phospholipids. Some 
time after my own work commenced, Lea and Rhodes (1954) reported the separatj 
of cephalin from choline-containing phospholipids ~ chromatography on 
silica. 
The formation of a coloured derivative was implemented mainly as an 
aid to the study of the chromatographic behaviour of cephalin. At the same 
time it was hoped that dinitrophenylation of the amino group, thereby 
abolishing its basic property, would lead to greater ease of elution as 
compared with the native phospholipid. However the experiments described 
in Section 3 (under Experimental and Results) show that the latter expectatio 
was not confirmed. Nevertheless, in spite of very impure starting material 
the greater part of the derivative has been isolated with a molar ratio of 
phosphorous to DNP substituents of the order expected. In chromatographies 
of fraction V of the ox-brain cephalin on talc, the phosphorus recovered 
along with DNP-amino-nitrogen was equivalent to amino-nitrogen, determined 
independently by the ninhydrin method after hydrolysis. 
In order to appreciate what has been achieved in these chromatographies, 
one has to consider the possible nature of the non-amino-phospholipid 
contaminant in the ox-brain cephalin. Whatever it is, it is certainly 
phospholipid and with similar solubility properties to those of cephalin. 
It may therefore be expected in other sources of cephalin and would not 
be readily separated ~ counter-current distribution or other processes 
which are the same in principle, such as partition chromatography which 
has been employed in a number of instances (Hecht and Mink, 1952; Amelung 
and Bohm, 1954; Lea, Rhodes and Stoll, 1955) to resolve phosphatidyl-
ethanolamine and -serine or to separate lecithin and cephalin. Unfortunatel~ 
111. 
in none of the instances cited, have the fractions obtained been analysed 
for amino-nitrogen. The analyses of Artom (1945) as well as other examples 
discussed in Chapter 4, have shown that total phospholipids are not always 
accounted for ~ sminophospholipid and choline-containing phospholipids. 
Choline was shown to be absent from an acid hydrolysate of the cephalin 
emplqyed in this work (Chapter 3); and a final attempt at the purification 
of the cephalin fractions, while it yielded material with the correct 
proportions of nitrogen, fatty acids and phosphorus, resulted in a lowering 
of the proportio~ of amino-nitrogen to total nitrogen in the case of fractior 
v. The contaminant must therefore be an unknown nitrogen-containing phosphc 
or a re-arrangement product of cephalin. The existence of unidentified 
nitrogenous phospholipids in brain has been shown conclusively in the analyse 
by isotope dilution, which were carried out ~ Chargaff, Ziff and Rittenberg 
(1942). 
Phospholipids present such complex mixtures, varying in composition 
from one source to another, that any attempt to establish a procedure for 
the isolation of a particular component would require wide application 
before it could be adequately appraised. Moreover, analyses of the 
supposedly purified component will have to be of a higher order of accuracy 
than generally accepted qy biochemists if reliable conclusions can be made 
from turnover studies. The importance of purity and analytical accuracy 
is emphasised~ the work of Dawson (1954b), who found that when inorganic 
p32 is incorporated into the lipid fraction of a brain homogenate, the 
inositol diphosphate, which is recovered as a relatively minor component 
of the total lipid phosphorus, has a specific activity t~n times that of 
the total phospholipid. Recently, Lea, Rhodes and Stoll (1955) have 
described the isolation of cephalin from egg yolk phospholipid ~ 
chromatography on silica gel. The material gave an atomic ratio of nitrogen 
112. 
to phosphorus of 0.96 and amino-nitrogen was 96% of total nitrogen. The 
latter was determined ~ a method which has been employed only ~ the author! 
themselves and consists of direct reaction of the lipid sample with ninhydrir 
The uncertanties of this method will be discussed in the next chapter, 
However, supposing that this material is 92% aminophospholipid, the experienc 
of other workers who have employed silica gel indicates that the same succese 
would not be achieved with other sources of cephalin. McKibbin and Taylor 
(1952) took as their starting material the alcohol-insoluble lipid fraction 
of dog liver, This was chromatographed on silica gel using the same eluante 
as Lea, Rhodes and Stoll (1955) used, although the silica was from a differer. 
source. The readily eluted fraction (corresponding to cephalin in the case 
of the egg yolk phospholipid) which was eluted with methanol:chloroform 
(11:89 by vol.), was found to be free of choline but rich in inositol and 
contained a sphingolipid which was not sphingomyelin. By submitting this 
eluate to another alcohol precipitation followed ~ re-chromato<,Tapby of 
the supernatant, a fraction was obtained with an atomic ratio of nitrogen 
to phosphorus of 0.07 and with glycerol, phosphorus and fatty acids in the 
molar ratio 3:2:3 ("polyglycerol phosphatide 11). Since this latter fraction 
accounted for only 0,5% of the original lipid phosphorus, its presence 
would not be conspicuous in a 11purified11 cephalin preparation. If its rate 
of turnover were several hundred-fold that of cephalin, erroneous conclusions 
might be made from a claim of purity in the cephalin isolated. 
Evidence of complexity even in that portion of the ox-brain cephalin 
fractions which reacts with FDNB has been found in the absorption spectra of 
eluates. The "fast-running" fractions with a subsidiary maximum in the 
vicinity of 400 ml also have an unusual phosphorus and fatty acid composition 
In experiments where there was no attempt to obtain an enriched "fast-runnina' 
0 
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fraction, the more easily eluted fractions had the highest £max. (P), 
of the order 16,000 to 17,000 while €max. (P) of the less readily eluted 
fractions was lower, possibly because of incomplete separation from non-
DliP-lipid phosphorus. It is surprising therefore, that an enriched 
"fast-running" fraction should have a molar proportion of fatty acids to 
phosphorus of 2.8 and E max. (P) of 9, 900, suggesting the predominance of a 
component with a molar ratio of fatty acids to phosphorus of 3 and of DNP 
groups to phosphorus of 0.5. Apparently insufficient of this material was 
present in DNP-cephalin to markedly affect the absorption curve or the ratio 
of DNP groups to phosphorus atoms in the fraction readily isolated by 
chromatography. It is conceivable that the 11polyglycerol phosphatidell of 
McKibbin and Taylor (1952) referred to in the previous paragraph is a builid-
ing stone of such a complex amino-phospholipid, since it contained the same 
proportion of fatty acids to phosphorus although it was free of nitrogen. 
More recently, the counter-current distribution studies of Garcia, Lovern 
and Olley (1956) have lead to similar conclusions. Unidentified phospholipi 
fractions obtained by this means had a composition approximating to a molar 
ratio of fatty acids:glycerol:phosphorus of 4:2:1. Nitrogen was also 
present, although no analytical figure was given. The bases were not 
identified. 
In the face of such evident complexity, it is impossible to speak of 
"cephalinu or 11DNP-cephalin11 as a single entity. For this reason it may 
be too much to expect that £max. (P) of all eluates should be the same as 
that of model compounds such as DNP-serine or DNP-octadecylamine, or even 
exactly a multiple. Small departures from 16,000 - 17,000 may be due to 
varying electromeric effects in different complex forms of DNP-cephalin. 
Re-chromatography of a DNP-cephalin fraction with € max. (P) of 14,800 gave 
1M. 
three fractions with successive €max. {P) of 14,500, 141 600 and 15,000. 
(Section 5). 
The study of the chromatography of DNP-cephalin was not carried beyond 
this exploratory stage since at the same ti~e considerable advantage was 
found in further modification of cephalin by esterification of the free 
acid group (or groups). This work will be described in Chapter 7. 
Nevertheless it was thought necessary to establish the direct reaction of 
lipids with FDNB as a means for the direct determination of lipid amino-
nitrogen and this will be the subject of Chapter 6. 
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SUH!1.ARY, 
(a) The system of Sanger (1945) does not provide 
a satisfactory means for the preparation of 
DNP-lipids, which undergo hydrolytic decomp-
osition in this system. 
(b) The conditions affecting the reaction of lipids 
with fluoro-2,4-dinitrobenzene in anhydrous systems 
have been studied and from these, a simple and 
rapid method for the preparation of DNP-lipids has 
been worked out. 
(o) Adsorption chromatography of DNP-cephalin derived from 
the ethanol-insoluble fraction of ox-brain lipids has 
been shmm to effect quantitative recovery of DNP-
cephalin from a reaction mixture, with a useful 
degree of separation from non-aminophospholipid 
impurity. Evidence has been found of complex 
forms of aminophospholipid. 
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Fig. 1. 
Absorption spectrum in benzene, of product of reaction 
of FDNB and hydroxylamine. 
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Fig. 2. 
E:ffect of treatment of a sample of egg yolk phospholipid 
with hydroxylamine on the yield o:f DNP derivative. Curves 
A and A': absorption spectra in petroleum ether of DNP-lipid 
and product of methylation of DNP derivative, without 
hydroxylamine treatment. Curves Band B1 : absorption spectra 
of DNP derivative of hydroxylamine-treated lipid be:fore and 
after reaction with diazomethane. It may be seen that 
there is no distortion of Band B1 with respect to A and A', 
which would indicate contamination of B and B1 with the 
product o:f reaction of FDNB with hydroxylamine (:fig. 1). 
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In ch~~tptsrs, the utili of' tlle reaction of PDY:B l"d th 
cu;y m.esx:.s studied exhaustively but it v,ra;::.; shovrn t:C:tat could be 
isolated from a:n. 
to phos:phorcm of un.i ty, use of t:,·eak aC~sorbent.s suc.h an 
celi te a:::-1d talc. from rat liver vrhere :.:L 
ratios evidcr:t 
native 
Slib-
stitucnt such thin lQUSt :t.n. the of 
th: .r: tb.<:.::· 
there.fore the of' chemical !t.·:.zd:i..f'icatio:::..:. of the n;ltive structure 
of 
results this 
aln the occurrcn.C'2 
of 
the V!C:re e5 . .sc-ntial: 
action l.eci 
) e. stable ·:in.ich is 
.p._ lf::Ll tl".~e 
nu _·JJer of orga:ruc a.nd 
of t.ho 
ti.ons, 
in e the.r or ben-
+ 2 -+· 
have f'·:x .. u:td. that :.;.:n addition t'"> the 
free the yield. of 
ester am.ine.s were not tested; haVIever it 
140 .. 
is certain ti1~t tho ester for::tsd., i:f' a:.::y, vrmxld Ciecarrroose in ths 
of' base,. ::?or this reason it \Vas E:xrticipated. tlJLtt lee:!.-
thin vrotJ.1d not react~ 
OY: the ot.her the ::::t.cidic nature of been 
demonstrated ti t:crJ..tion ar~z&li bc;th in aq:u~eous 2) [tnd 
non-aquecro.s (Chapter 6) ;systems~ cations are 
one ma:y e::;~peot a qus.ntitative of 
ester upon react:i.on o:£' cliazoneth.cc:ne v:i th 
of is the of the 
reaction with native 
the a:minc group diazometl1s-.::.::u 
oi' 
tLo t5. Jn of 
in the ox-b1:·ai:n of of 
Rcsul ts vii th brain cephnlin an.cl r:-:.odel 
first, be cause a:r'e I;Lore intexJ?reted 8.Ild forL1 EL rei\.::rence 
basis for the of results 1vi th tota1 phospholipid 
vtork:, the reacti or::. \Vi. th_ diazome thane \Vas carried out 
to a stsmdarcl procedure~ Only in concludin;,:s 
this al terecJ l),y the ad.di tion of certain. catalysts to the di2.-
zometlw.ne solution~ Since these e:&.1Jeriments y:ere incomplete, they will 
be Ctescrit;ed in. the conclutling section~ 
15J. 
(a) Studies vd. th :Sre.in Cevhalin, S;ynthutic Cet>ha1iE and 2-Ar:i.noethyl ~ 
Octadecy-lphosphoric Acid~ 
5~xperimen tal "* 
:':atorials. 
------
Brain cephalin, fractions III a.nCi the saue preparation as 
described previously (Chapter 2)., 
DinJ0'ristq;/l-L~cx.-cephD.lin was a gift from Dr. >:.. :Saer. The sa..rnple 
(theory, 4-.88ji) and 2 .. 2q-S nitrogen (theory, 
The :r)rc~vortion of a.rnino-ni trogen to t'Jtal nitrogen, by 
octac1ecylphosphoric acid '\Yas to 
the ::1ethod of Christensen (1940), \Yith sm:te 2-:'lodii'ications~ The 
2.l;..qj nitrogen ( theor,l, 3. 56,i). :.L'he . . ar.:w..:no-n1. cx·o:;•tm 
to total nitrogen, -by reaction_ with 
was prepared by Dr.. l\\ D. Collins frow corm:arcial 
1\r-nitrosomethylurea was prepared diazotisation of acetyl methyltJrea 
(Arndt, 1'he air-Clried rnate:riB-1 was 
The adsorbent most con11nonly used \Vas celi te ( 1'II:;rflo-su:percel 11 ) e 
Elua:<~.ts vrere sirn:l.lar to those ernployeO. in the ohro1ratography of 
DHP-cephalin ( Chagter 5) , petroleu ether, chloroform. and 
etha..'>'lol, or rnixb.n"'cc:J of these~ 
Owing to the instability of d.iazo1c!.ethane, it YI&s imLlediately 
151. 
before use~ 50 J-'- moles 
DNP-cephalin, r:t sui table excess of cli3.ZOli'iZ:tharJ.e vras prepaY'ed by de compos-
20 - 50 m.gn:s. ( 0. 2 - 0,) m mole) of H-ni t:rosor-.tethylurea added in 
porti o:r.:s, vri th t,o 6q G potassiu:n hydroxide 2 rds, 
with ether (aJJO\lt 25 nlls~), the reaction 
The ether layer, after being potxre{L off in. to ct flask, ','las Clried 
by to stand for at least in conte.ct vd th a few 
pellets of' j_'l1.e yield of diazorrethane, rneast.tred from 
tho extir...ctiorl at 1~.10 lH ;u ·where £ - 3, 0 (Brinton and 
q~anti tative .. 
D:i'J? derivatives vie:re as d::;;;;,cribed i-, Chayter 5, the bla:nk 
remo v-0 CL t.be cold finger~ of the c.x~-
ether', the solutio::,1 was tal<en 
to dryness and the D~··T d:LssoJ.ved i:c. the e-ther solution of' diazo-
methane .. After 
methane) e.nd the residue taken up in 
of the 
deal, as did the results 
s·::: these details will be i21 the EeslJ.l t:;.u section~ 
fractions~ of 
J?DNI3, gave c:.....1J::'ve l, Y!Jlen X;KJasu:.t:•eCt in 125 mls. of 
.;';..fter reaction overni.;::;.ht -v7ith diazo;.r,etJ:une "-lD:;_ re-s0Jution .. uJ cyclo.hexane, 
the colcu:c of the ;:.;olution v,rn.s noticecl t0 have faded~ 
Fig. 1, 
Effect of reaction of diazoroethane on the absorption 
spectrum, in cyclohexane, of DNP-lipid prepared from 
fraction V of the ox-brain cephalin. Curves A and B 
are the absorption spectra before and after reaction 
with diazomethane. 
15~. 
curve ( cu.rve J) , 
i_:.TLn the ultra-violet ·rritl·::_ r.;.o l.oss o2 cxti 
tion at -A repeated, 
rsactior.\ ti:ne, result v;as the Ul A 
only evid,;;;n:; ~;hen the absOIJ)tion of the 
but not in etfw.:n.ol. 
in the case of 
f'ract:~_on III, T!hcre the of 
)t Ela.x:. at 325 m ;.t .. In this case 
the proCiuct Yias dissolved in ethenol for lYiee.surer.aen t w1d 
overr..ight rea.ction. v;ith diazomethane gave a resv:lt no different from 30 
IfllnSe 
J:he next step v,ras to establish Yih.<::ther or not the product of .methy-
1ation was homogeneou.s in composition .. c.l':tr orna to-
gra:;:hy v1as carl"ieCL out on a variety of adsorbentr::1, 
selg:u.br, kieselguhr t:;.~eated ~vi th silicone et .. al .. , 
l95h) aJ:ld. povvdered glass treated 1vi th silicone in the saroe way as l<:iesel-
Approxiwately 1 gr:1 .. adsorbent v1as used p12r :mgLL. f'at. Tlwre was 
extensive tion of rnethylated on sucrose ·bui: ·with the 
other of the ext=L11ction cov.lc1 lJe recovered in 
polo.r elua::J.ts such as benzene r7,Ln This is in coz1t:cast 
to Fhere the presence of ethar.Lol :u1 th.e eluo.nt 1vas generally 
Phospho:;~us of t.~le oasil;; 
elutec1 portion of the ueth;ylated 
(molecular extinction coefficient oa.se0. upon phosphorus analys:Ls, :f'or DJ.'1e 
DHP group ·~e:r·· phosphorus atom_l of the expected order for a ratio of DNP 
'-~ -··•'«'> 
'-~ -~-/ 
of 
E ·······y 1:~,.,. 
.36 
14 
CL: u~ .. -f O:t'1I:.1 i '""'''''",1 
1 • ! 
..1.-o'--J-
:=;: ·, l oroi' om:. 
of 
,_,, 
p 
; .. ;..: 
2l}CCC 8,3 
'?CO 
36 
vras 
groups to phosphorus of ono~ In the case of' fraction III~ of the 
extj~1ction vras :r·ecovered from silica in one the main (aceton.e) 
eluate havi::10 ~ ma.x~ at 325 m )J and £ wax. =:; 1?,200 
. I . 
(. C.:_/Glc:ii1t;:t~:tl.tlC / j 
the extinction at A was rec·Jve.red from talc in the ch1orof'or;·;'- and. 
r.nax. 
hexane)~ 
' 
' 
' 
Details of tTfo 
eacn case, 5 
···;,a.xin:ru:.J. at 
to 
2; 
19,100 a.n\1 
are in Tables 1 and 2. 
.reproduce o..11 tb.ese 
definitJ. on S~'::ec-
eluate diff'e:ced in that it 
fraction V is the low recovo:rT of extil'ICtion~ 
tion \'I&s .fron.:. that "before 
the r.:.nal 
since the ratio j.!_ - o .. ( f' Ol'' tl-:i s rD.tio is 
for ted it is 0,. 
the d.eri-
c.:n e:.:ti.!1Ct5 .. on :.1t: 
a.r.!. ctha:t10l cl'iJ.ate CGllc::cte-:1~ 
C:r ... J orofOY'lil~ 
1~ -+ 
I'etro::t. 
t~~"-::J1. j 
vo1~ 
CltJ,orof orL1~ 
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Fig. 2. 
Absorption spectrum in cyclohexane of the main product 
of the reaction of diazomethane with DNP-lipid prepared 
:from fraction III of the ox-brain cephali.n. The 
material shown was isolated as a chloroformpetroleum 
ether eluate :from kieselguhr. 
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Fig. 3. 
Absorption spectrum in cyclohexane of the main product 
of the reaction of diazomethane with DNP-lipid prepared 
from fraction V of the ox-brain cephalin. The material 
shown was isolated as a chloroform: petrol eluate from 
siliconed kieselguhr. 
Fig. 4. 
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Absorption spectra in cyclohexane of the products of 
reaction of diazomethane with DNP-aminoethyloctadecyl 
phosphoric acid, separated by chromatography on kieselguhr. 
Oll 
iS si:J.OYf.G i 
'·:lS thus .sub 
chJ.orc-
1i.cs .i.il 
..t-'~ 
L;.;._,;;; "'"'-'-
~- proof 
curves 
or c1nsira.bls to have 
acid vras not soluble J:t1 
of' the extinction at 
m .j). c"lc)l1.0X£JXce) i:n the ether-sol1Jble 
it YTf"iS f DUlld to COXl-
ane, 
155. 
region (figure 4) e OI,, t'· e ·"o·-w;-,"'>Y" ( ~ 1 ~·,tc " .u 1. L••~"'- \c........ ~a by . \ oenzene; vras 
18,100 .?Jld of the latter (eluted by chlorofonn) v1as 16, Their 
iYe l)reponclerance (based upon ercinction at 330 ::n ;.t) was 
thetio L-ot-dimyristoyl cephalin was m1.alysed by Collins vrho 
fou.nd, apon chrorna.tography of' the products of 
vrith A (cyclohexane) at 
J.TID.:X:~ 
at 345 m;.t~ The 
The tl5.in fractior:. hcul :< rnax:i_ ;un at 
Colli:.w, 
Discussion. 
The salient facts of the dia;~ometh<:U:le reaction are: (a) the reactio:n 
·;;i th is almost il'l:stantaneous at roam te1nperatt.:u:e; ('o) there 
is no loss of' DI"J? groups or:. reaction v;rith diazorrrethane; (c) the reaction 
involves a substitu.ent vvhich ir1fluonces bot1:. the light abso:r:ption of the 
rt··Ti? group aYJ.d the strcngtl1 of aGsocytion of DIJP-cephalin to talc and kie-
selguJxc .. In te of complicating features suc.l:1 as appru-.ently incomplete 
reaction vrith fraction V and. the occurrence of two forms of methylated 
at 325 mp, the positive evidence of conversion 
to a nevr derivative gave promise of useful application .. 
At the commencement of these exyeriments, a method for the deter-
15h ~ 
mination of the nethyl ester v.'B.s not envisaged; it vias t.~ere:fore f'orttlil-
ate ths.t a demor;.strable change took place on methylation, ~~yhJ.ch might be 
as tivc evicle:nce of the formation of the methyl ester\ 
:reader vdll already have anticiJ?ated the arg.._une:nts of this case from 
the absorption curves in fig1..1.res ~2, 3 and 4. octadecyl-
phospho::cic acid was regarded as a C.LOBG to ceyl:alin for 
spectroscopic purposes, since the diac:;rlgl;yceryl is replaced 
a:n alkyl chain. The fnxmulatictrJ.s of l:X\;F-octaclecylamine and DNP-
ami.noetl·1yl the phosphoric acid group 
ftS the .en..ll: s ti tue1"-t 
the most explanation is hydroge:n bonding, bet~,"leen the 
acid group and the DNP chromophore~ If' this 1.s true of' DNI)-
arninoet.hyl octadecylphosphoric acid, it mttst also to 
In 1r.ethyl esters, the possibility of !10 longer exists. 
In this respect, they are cOinfX'tTB~ble to DKP-octadecylamine, althou_gh in 
effect may be different from that in the 
ester of The fact of int~arnole0~lar bond-
accow'"ltin:-.~ for )\ at 345 - 350 m 11 f:or W'le DN:5 derivatives of the 
·- max. r-
free acids in petroleum ether is i.ndica:ted by the abs<::nce of' any rnarked 
difference DJ the CUJ:'Ve if it is m.easured L1-1 ethanol, a hydro-
gen bonding solvent~ 11he lranifest similarities bet-rreen 
ocb:~clecylphasphoric acicl and the DlJP derivatives of both s;ynthetic and 
natural cephalin th.'_t.-'c tl~icse proctucts are, in f'act, the methyl 
esters: the 
all sllovdng a displacement in A 
max. 
in ethanol, or vrl th that of the free acid~ 1J.lhe similar results obtained 
1 '"'7 ::; ' . 
· vdth_ sJJnthetic and natu::ca1 cephalin are novel evidence that tbe l:::.tter, or 
structure. '.lh:i.s is best by fraction III, v;h~:re the ~,·ielD of 
Sorne pro1Jlern::~tical featureu are the B:i.)pa:cent resistance to 
of abuu.t 201~ of the D~TP CLeri vative frxt f'ractian V, ,.._, \ .,! ; \O) cne 
petrol, 
the case of SY';J.tlletic the occvx-rence of tt~.e main 
325 - 330 m p, in two forms, 
380 - .390 m p, \Vhile the othr:n" has w:. inflectior: in this region. 
A possible causs of reaction cot1ld be the associatioE oi' 
part of tl1.e DNJ:'-cephalin vd th cations ":thich 1112...:/ have been i:nC011!{Jletely 
removed by In studying the effect of on the 
compositio!.:. of brain cephalin 2), ash deterrrtL"'lations vrere not 
Ilov;"ever from the data of :C"~oldl (19L;2), it is clear tl:lat 
fraction III had a :flit--~ch ash content t£K:;n fraction v<; 
tion III a 1:-..igher so:.r~3 al tcrnative 
As Yrill be shovrn. in lu ter the 
of ester on meth;ylation is quite 
totc~l prepm"'atio.r:s "1. • tllSCUBSl.Oll 
2s reserved f'o:c later r'resentation~ 
Evid.ence of J..l1 the 
ati'(.res rr£ind a sim:l .. lar heterogenei t;y f :>Jr.;.d Ol'l of 
DNP-cephalin and the ma.rkerl diffe:r:·enee betv;-een the 
products from fraction III as corr_qJared vr.i th fractio::.t V, a differ-
enee in of the starting rnate:rial, :r'L1.ther than aJiibi,gu.ity in the 
158. 
rea.ction. vrith FDNP or diazomethru:e~ Fo:r it IJJB:S ·oe that the 
este~ified carbo~~.l ,;roup of serine exex.~t~3 a su.fficient i.nductive effect 
the uaximu.m. at .330 390m;_;_ 1vhich is fotu::..cl in the d.e:rivc~tives 
i:t1 this consisted of 
section~ 
is as cht::traoteristic of the ester of DlJP-cep~alin, A 
of the total has sho\VYl apparent r,::.:sistance to 
estorificatio~1 a:-.1C1 thin :9roportion vvas observG<l Jc,o vD:::y frou a.cte tissue ts 
J:hc co1nposi tion of Dl-1F-lipids of rat tissues b,az. 
·;y;;cn stuOied in detail 7' ,, I Lj7.:, of 
fro u liver to be of ester fc.tr'!ll and 
A :muc}J uore UlLeX.i:Jected result was obtained v,ri th the lipids 
of e;;g yolk rthere there appeared a 
tography from the ester G..nc1 unch.Emf;ecl DN:P deri va:ti ve, \vh:L ch l1ad 
A ;:cax. L"'1 petrol at .355 rr .. ,;.J.. l':o trace of this matc;rial was detected in 
from rat tissues,. T£1is experience supported the vievr that the 
"355n product vras not an artefact, but derived from a co..mplcx for1.1 of 
a notion which c,J-tlld be extended to the "345H remaining 
In order to test this h~}'pothesis, native egg yolk 
phospholipiCts v.rere fractio..'>'lated into ethanol-in.soluble 2-nd ethanol-soluble 
fractions in the beiief that if thr·ee dif'fercnt forms of' egg yol:k cephalin 
existed_, it should be possible to effect a separation of' the native f'orrll5~ 
159. 
A .d.iffere:nt approach, ta.ken by Dr. F~D~ was to seek a differential 
rate of of into the two forms of recog-
nisable in :t"~:i.t 1iv·-sx-· after reactiOc.""J. with. ?DITB antl diazomethan.e. BecoJ..u.se 
this v;ork is .L'elated. to Ef;/ CATtl, a ·brief d.escription of it vJill be 
also. 
The fractionation of' egg yolk phosphol:i pid.s 
c:b..loride, described in Chapter 6, vn1s ca1Tied out prima.rily for 
the but vras of equal interest f'or· the consideration of 
analytical data relating to a;nino-ni b:--o::;en a:nd for this :t'eason, vTas pre-
:::,e:nted ea.rlier. Each fractionation. v;ill be consided consecutively~ 
Diazometh2cr1e was as describeU. previausly~ 
The conditions of reaction '--dth di:::.zomethB.ne were as previously d.t::s-
cribed fo:C' brain acid., etc .. 
of' the pro-
on and l-::1 
2 CLeck:.s 
S1J, the extinction 1~'1 all 
fro.c.tions :i.sola at from 300 this 
of' tt1e tfu"'Bc 
0·1 
0·6 
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Fig. 5. 
Analysis of an alcohol-insoluble preparation of egg 
yolk phospholipid (from the first fractionation 
experiment), The absorption spectra, in petroleum 
ether, are as follows: A and B, the DNP derivative 
before and after methylation, measured in the same 
volume of solvent; c, the extinction recovered after 
chromatography at wave-lengths shown (open triangles); 
and D, the difference obtained on subtraction of C 
from B. 
l~ (), 
t:ormed on 1"ne :ma:nr.;._er of C_ev·elopment of: the colvJrln. varied 
according to C011tent of Dl~.F dcrive~tive in t~1c for so 
full details of each vrill ·De gi.ven :m the I?.0sul tu ;::;ect:I .. on. 
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Fig, 6, 
Composition of the products of methylation of DNP-
lipid prepared from an alcohol-insoluble fraction of 
egg yolk phospholipid, The absorption curves are drawn 
to scale to show the relative amounts of "328" (ourve A), 
"345" (curve B) and 11 355" (curve C), The latter 
component was not recovered on chromatography (see 
fig. 5). 
16, 
ooc 
'"' 
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n 
0 
::y. 10 
l!il. 
mixtures of 
In the to the 
ano_ botJ.1 at 328 Iil.(J.. the subsid:Lary 
:rcw:evcr tl1e 
fractia~, Yl8.S 
clearly viz~ 0. 372 as 1:ri t· t~1e Vt:.tlue of 0. 323 found for 
The second not cornl)letely eluted 
to tailing; the remainder on the colu:un tfas 
eluted. in tv:o benzene B .. rld chlorofor l'he third band remain-
at the tap of -the coltLlr.:. >aas not affected by berlZene-, but in 
ch1o-x·oforr;-;~ zo;~ eluted. 
it easily .. 't!ben the absorption vras measured in 
::):rovided a lar,se enou .. gh C'Jlurt£.-1 was usee~., there -,-rs_s no 
of 11 345 n an ..(1 11 :L."'l ch1 oroforl:L but on the 
J.'CCOVGI'J of n 'fhe extir:ction recovered L"l ti1c present e:tqJeri-
.uent is shovr:.1 ·1·- curve 5. CurveD is the o1Ytained 
lB eviderlce at 36C 
The :r·cl<:.'..tive 
corroc i11. this 
D 
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.. ,. 
Fig. 7. 
Analysis of an alcohol-soluble preparation of egg yolk 
phospholipid (from the first fractionation experiment). 
The absorption spectra, in petroleum ether, are as 
follows: A and B, the DNP derivative before and after 
methylation, measured in the same volume of solvent; 
C, the extinction recovered after chromatography at 
wave lengths shown (open triangles); and D, the 
difference obtained on subtraction of C from B. 
referred to is thht obt&:irled. in. the 
fircrt fracti·:::ma.t:io:~ of eg,:_; described in 
( 63 mg:ns.) <rTas reacted ·r.~i th l"Dl-IB to 
curve ~.·~ in ether. Heaction 
differ-
vrith a sh:Lf't :L.""l )\ to 
max. 
only 340 ra ;:t a.,nd an LYJ.crease of' extinction at 400 211 )l• on 
30 grDs~ hyflo-supercel in this i:n,stonce 
two band-s :.Ul one of '<"rhich vra·z;, elu.ted vr5 __ tl1 petrol. 
P1.1.rther fractions vrere clutecl rd th }Jetrol-l)er;.zene and benzene; all had 
v.'ith ·benzene-chloroform cm..1sed of 
the ;yellmv b<l..;":d at the top to move dovvn the colurrrr1~ a clear s:pace 
it fra;n the rc1Tl.;;'lind.er, adsorbed at ti1e top .. 
with this preparation to resolve t.~e into two 
frnctio:t:s" Development vrl th chlorofo:c eluted the faster 
vrb.ich hc.~.-d A J.n 
max~ 
to 
:1 \ and Im.d )\ 
max" 
The recovery 
' \ cvrve fraction >.:las 
rccov·ereiL. 
The absor.ption cu:cves of these constituents az·c; in 8, 
drawn ·to scale in order to shoT/ their relativ,:; 
the total extinction of eacJ1 at its :.Pu.rth. er d.a ta are 
given :L."1. T&ble 5~ 
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Fig. 8, 
Composition of the products of methylation of DNP-
lipid prepared fron an alcohol-soluble fraction of egg 
yolk phospholipid. The absorption curves are drawn to 
scale to show the relative amounts of "328 11 (curve A), 
"345" (curve B) and "355".(curve C). The proportions 
have been corrected for the low recovery of the 11 355" 
component on chromatography (see fig. 7), 
f'etrol--;0e.;J.z·,.::::r1C, 
:2cnzene~ 
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Three forms of the "32811 component isolated from the 
products of reaction of FDNB and dia.zomethane with egg 
yolk phospholipid. Each formed a. separate band on 
chromatography. A was eluted by benzene; B and C were 
eluted by mixtures of benzene and chloroform. The 
absorption curves are drawn to scale to show the 
relative amounts of each form. 
In t.he first fracti. c:na tio~ or egg yor;.-:: phospholipid, the petroleu:n 
ether e:xtrac..~c follo~;r:ing ethanol:ether cxtract:~on, Vias fot_:nd to hD.ve a 
cor:~position very siL1ilar to that of the etl:a:n;)l-solul:;le fraction 6, 
CL1a_pter 6), al.~vhough its :.<ar1.:ner of isolation v1as quite different~ Like-
Yrise, the of the ed DI<J? deri va ti ve was as 
of Tfibles 5 a:ru:l 6e Of 
this chr on'B. tography was the of tll-~ n cl_ct into three 
distinct 
or: 
m.vay i"Tom ti1e in l1ad a sUb-
CJ:loroform: 
The firBt <;Vas the 
product, /::;s 
JH r- :;:;: 0 .. 31; the second !':.S:Jl no 
slibsidiarJ absorp-tion 
6), tl1e portiort etha.r~ ol rras dis-
That U10 f'racticnatio:: vre..s 
leci ti1in~ 
Yrithout or measm·ement of the e.xt:Lnction of the r;:.et.llylated derivatives, 
so it ~las not "'oeer: possrble to calculate ~cecoveri~.:::s~ the pro-
Chlorof"oru. 
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;::~i:nce the trend is q~1i te 
of the ca&nil.lfQ. ch.loride complex o:f 
C:on-
has t.he n1.ost 1' 328" ~ 
in is a fe<:d:-ure of the cs.d:ciu.r.t! of cephalin as 
t~1c usual alcohol It ::uy also be rer::ar}:ed 
:tn:.1su2.l 
..,, 
j i ~ 
The thi:cd in v;hich the ethar:w1-solv.ble 
Ytere split ill to a l::.LI'0CI' nw;:ber of fractions tha1-: 
In fru -::ti on;: ._ ) (Chapter 6 
' 
Tuble 
ti on V.-'erc sitililG..::.:' in the 
fractions vti.th th;::: 
2 O.Ed 3 of the second 
the 
' " thou.t 
recovery cor.:.."'ectio~-"1) v:as 27:46:27 ~ 
The s of fraction J.!J vtill be descri-ix.:d in <let;ail, since it 
the sensitivi anc1 Ylide a:pp1Ication o:f' tion pro-
cedure as a:n analytical ·::Jetho:.:1 f Jr a:.J.inophos_pholipid.~ 
11hc lecithin (fraction 
j~;o:methane ana. the 
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Fig. 10. 
Analysis of an impure preparation of egg yolk lecithin 
(from the third fractionation experiment). The absorption 
spectra, in petroleum ether, are as follows; A, the 
products of methylation of the DNP derivative; B, the 
residue after subtraction from A of unidentified absorption 
in the petrol eluate obtained on chromatography; c, the 
extinction recovered after chromatography at wave-
lengths show (crosses); and D, the difference between B 
and c. 
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Fig. 11. 
Composition of the products of methylation of the DNP 
derivative of an impure preparation of egg yolk lecithin. 
The absorption curves are drawn to scale to show the 
relative amounts of 11 328" (curve A), "345" (curve B) 
and "355" (curve c). The proportion of each component 
has been corrected for the low recovery of the "355" on 
chromatography (fig. 19). 
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Fig. 12. 
Absorption spectrum in petroleum ether o:f the "41011 
component of the products o:f methylation of DNP-lipid 
prepared :from hen's liver :fat. 
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10, curve 
etrol. 
The first with a 
;;Thi.le the second h.ad at Til ;: in 
petrol~ 1;and -vias eluted vd.th ethanol: chlo:cofor:::: 
:4 val .. ) and had A lT.lB..A. at Ti'le rec::;very cu.:cve 
(cLtl'VC C, figure 10) shor.:ed that 73~~ o£' the 11 355 11 was recovereCL. 
SlJj]li.lli.:ci sed ir1. Ta1le 8 Ctnd 
Th.e o:f' fr:._J>2 lecithin 
b:/ selective degrEuis~tio:n of' the leci prio:r to f'u.rt.her of 
the cepha.l.in by the resv.l ts cle.scr2.bed 
in 6. to exa: ··ine t:r of 
the "<'h:'.lCI.l reputedly conta.il-::,s lc:e::i.tLinase 
the :f:'or:rns of The sa:-ne toxin-
treateU phospholii d, t';he prepai·a.tion of 1vi:1ich vras Uescril;ed in / D, 
1-vas analysed by reaction vrith diusou.eth<J .. ne u.nd chromatography~ 
The toxin-treated phospholipid (21~-.. lr- H!f~ms~ . , after reaction vri th 
\'!as chro; 1at:ographed on g:ns .. to 
give ..!vhe con~,70Si tion shovn1. J.n Table a;_'c com:r:w.red vd. th 
i-thout tox:in treat1nent it 7r.i.1l be 
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fro:- tlie third 
The 
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The of 
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L'-:: f'ar 
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ful 
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of the colu.(n:n vrith 
not cs.:rried. out th.0 
to avi&rl J..:n 
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Care-
elution of t~ncse vrit a llttJ.o over-
..;. .:.ere t.hen ro.1 :s.i:ned one zane o:C 
vol., 
to the 
lli 8. 
there 
,, 
the :c·c..tJ..o o.r cx:ti:c.cti 
a very 
of' extinctions Since it 
ence SL1S.ll amounts 
tllC!.: " fractions 
of :) 'I 
,~.··· r,o••W" 
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:cocov ·:r\.. of 11 
on the 
com:t;onent, its 
in the 
;:,rolks~ 
of 
ether irldica.tes th&.t it is not a prcduct lJut 
molecule~ 
Rat li,Ie:t by JJ::c" Collins v;ho used 
of r~:oact:ion vd tl-l i?DN13 ar1.d diazomethax1e as described for 
':Che a-in of Dr. Collins~ 
lish a biochernical- Ctifference betvreen the a 323 11 Bcild of 
differ·-
ences$ 
of a li·ver \V:i th 
cinat;:; and acid, on t.he lines of s ( ":':-::;';·~ ~-, 
was present in the f'orc1 of' i:n.Ol"gsnic .:~f'ter incvJ:::ation at root;~ 
temperature, the extracted. in. 
' \_ethanol: 
Choline-containin:i 
D.n.d others, l:.ad IlO v;hile the r~ _328 11 fraction of the 
lovr radioactivit~y- {this varied f'ro~n 43 - 20J cts~/Yr::l.::1./ ~ 
mole F in six fractions obtained 021 
vras also fm.Ind in Tat live-r 
the first cl:.roL'!B.tography, but an 1 •. ,a rngn 
spccii'ic activity >Nhic.b. •/ras not 
tile specific activit:~ of tl1e 
'LJ.J.en fell to 9,) 
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170. 
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D.lso z~ to 
tio::: of 
conto..il-:s s_ choline acid 
of in fractiox:. 1 of the thircl 
fractior1ation 
moe:L 
S. of the toxil1.@ 
A liice i.nstabili ty of the 
on re-methylation it f'Lrrnis.hes 
lS isols.tocl_ counter=C1J.:rrent dis tributlotl, it re·:c.ins on re-
r::tethyla tion .. of the 
led to a:n .1.ncrease in t- )8 :r-adioactJ:vl 
1vas already rzTuch higher ths"'":. th_<J.t o:r~ 
the 11 ) but :::t.lso :revealed the presence of tJ. of 
\7hiah 
it :ts :most t.L'1.li.kely that tbis 
,.., •• '"!'"> 
j,j_,.;.)_- Since 
fracticr::. vtould. J:>..ave ·oeen incom-
' 
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to have been for~ned 1JY deca:~osi tior: of tl:e 11 on 
at the same tiL'le n..s In 
SlL::rr:nary, this 
ciated vri th DHP grou:-ps* 
1'he 
( -;· \ 
\'-'·I 
- r~ ' f:t.n.a \ o) fraction ccrab:~t.il'lS 
<:)nly one of wl1ieh is aEH30-
arc firstly, a means f'or 
the irientification of' 11 classicaln cfs·pha1in vriti·1out degradatio~J. of t:he mole-
the pola:r s ol ru ti ve s.nd i::: therefore 
2.t:n.d. COiaplex ar:nino-
phospholipids~ of the claims of the existe.t;,.cc 
of 
the 
-!-' cs.n hitherto~ 
of the ceph:;>.lin 
of egg yolk en silica accordi:ng to 
P .. hodes ar1c 3toll or' 
evident rrow the abso:r-ption C'._ll'V0 o£' totn.l 
The of' the 
the anal;;rsis of a lec:i.tl:.iu ~' 0 )· 
I:-:1 this v:as to oL' t.otsu 
can.tained 
17;')" 
product .. In excess of lecithin, the fractioz1 
of' phospi:1orus to 
~ 17,200) ~ 
that 
est..:;r, v;hich j_s in the 
derivative "'Hitl-1. of s tro:n.gly 
eli strib·uti.:::r:.· .. ttnd Dooley 
of a rGla contain-
inositol~ exist only itl trace,':: in. tot&l. 
extr.sLct s of 
The 
far fro; for 
8-Ild 
of £ . 
.l.nax .. Only one· iJ:lB ts.:::ce 
for 
~.,..\ 
.L..L) a.Ilt..l a ratio of .ClCiS to 0 
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Unfor-
hD.c1 to be concluded ;.:.:.-t a:u. stage but the 
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n .32811 dcri vuti ve is fonnec1 v:J"IethBr tho ~ceactio.n ri th die.zor.Gethar:te is allovr-
or for a short at -60 
to the ad.d:l.tion 
to -the et.Lce:: B ;lution of diazomet_ha:uc. 
o:" "".'<._,_ uu-.:; 
that solutiOllS of cliazon~c:thu.:c~.e effect 
labelled. 
dissociation of 
excess of diazom.-~:rth811e ls 
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acid 
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J .. n ) rcrl ~; Q to to 
Di-:::tzo:ra tl~v3Xl0 
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r'c -~·r:i::LI: a '~ ·'·' :_; atovs f Ol~ ' hour &ft ··;r ~nhich the flr;;;.sk \'/8.8 
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;.,_· L 
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re.rnovecl vritho'..rt:; 2illJ' o:'.' h.eat fro::, ti1a"C derived f':ro1n the 
~:'lhen the sa::ne di2.zcmethane solution ( exporixnent 
of the density at 4l0 cn,p fell by c. factor 
of 5. 0 DJls~ of the y;et ethc:r.-- solution 
mole;s: of diLt.zomethane vrere applied to the 
allrn·Ied to rerr.ain ln solutio.r: 
1-1- verJ conce:ntrat:3d r:olutio.n of dio.zow.ethane vras 
Et.i::d d -Lstillede Upon adding Yrater to the solution 
after 
of this solution (5e 3 ,m moles 
.at room 
1130. 
Conca tions 2, Tl1e ProCtuct-D o-r-> ~te.0.ctior: ~~ n the Absence &.nd Presence of 
v:as to diazo.wethax1e 
u.r1der 
peratuz·e \"fi th an vol1Jme of iodide~ 
distilled, .:;;.dc1.ed to the 
anCt tl:Je reaction r:rl.xture allm7etl to stonfl 
The aDOUlJ.t of diazor1etho.ne in the sy;:;.tem v;ould .have been about 500 ,r moles~ 
. till ether solution of diazo.'::letbJ..ne las dried over hy<lY· oxide 
£w."1d dis tilled. It co.::.ts.il1cd_ 870 .)-1- l!l01es o!: di&..zomethane. 
A.r1 ether sclutior~ '.Ji"' by deco~:rposing 
amine 
pellets of 
iLfter 
- -~- ;; 
~:.;,.~.;., 
;.; moles ox,... 
') ') 
4-$ ~-
in the pl"'Dse:-...ce of moist 
hydroxide .. distilleCt 
'>: clir;,_zcr.c:.ethan.e solutio::1 ·with a f'ew Cl.rops of 
solution_ \\·ere added to 
o:C' dl:: .ZOLleth~).ne vrere 
allov.:ed to stan.d overnigLt .. 
'"·t distilled sc.lution of dic'--zometha.ne i.n ethsr, 
of 1.0 ethanolic 
the yell oF colour)~ 
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\
1 one elroD i 
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were added,. 
at tho volv..;:1e adjusted to 
l.::.:: the tube \Vas 0.135; 
moles ti 
tt_cid.. 
bocarn.e lt of the 
'.0 c.:•lom"' of the adOitio:: of one 
of 0. 012 _.\ 
etbor, 0 .. 083 
After 
~'!hen 
2., 0 lt~ls. o:" thie- solu_tirul ".Ierc: added to :;:;. - ·:J :~ .• of' 1>Jric acid - l'J.ixed i.Yl-
colm.u" resulted, but by one of 
(\ J12 ~'J 
In the of t h.e react:Lo1: cotu_lter-curreEt d.~;:;tri1Ju-
nearer 
,.... 11 
JJ. 
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of :. ;_ T" 
for the a 
shvvtrl. in a:~C. C~ 
ln vrlth ether 
loss of' ezti:o.ctio:n. 
r;-;: u1 t increase in n 
excess of 0thcr resultecJ. Ioss of 
I;·; this ca.se, D. 
lovve:r ether-soluble 
The I"'C;~\i.lts ll~ 
.1.·, it ma;y be seen presence 
:iodide is '<7ell cttrve of 
th.e t ut-::t1 reaction products i.'1. 13. The 
B has two v:hich 
deri vet ti ve encountered~ Firstly, 
the ll iso1atc0_ had 
isolated chromatography (the main cmc-
v• 
1T.i thou t ovi den ce of n ) this value ls 0.295 0 .. }00. 
upon cot..n1ter-cu.::r·rent distributio~"l of the total exti..r.tction 
into the v.pper he.d. the saJne / 
turbid er.rrulsion in a fa 
described iniJic:;,_te th:.::d: no is 
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The effect of the presence of methylamine and water on 
the products of methylation of DNP-lipid. Curve A : 
the absorption spectrum in petroleum ether of DNP-lipid 
prepared from total egg yolk phospholipid: curve B : the 
absorption spectrum in petroleum ether of the products of 
methylation of the DNP-derivative under the conditions 
described in the text. 
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at 325 Irt .)1 in eth.er~ 
1&7. 
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(i:) 
rnoderate lecithin content (30 of n325n 
derivative, e.t 345 '"J'-, 
r.ni:no:r ether,. All 
by aclsorptio:t:, chrorta .. tog;raphy~ 
in. v1hich 
the J"ielcl oi' 
of u derivative. 
valent to only 0 .. 1.~~-; oi' tota.l 
.. ~ '· '· 
'd-'.01 .. 
phorue of -ux1i 
The of c"l..tl egg yol~~ 
o(- tiJXir:~ At the sa.Gle time, 
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labelled J:·at liver 
2, ;; of total 
derivative 8.J."l.d 
L l- !I 
'.-·J.~G fraction 
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to 
over :t''ate tl:i:~ .. :t: cf fraction~ 
a, h a:t.t,: c ' .l-r t the v 
ester OI 4-d.initropher"'fl : .. n 
at cur:.clJsic:· 
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vol,.:; 
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DI~iCUSSIC·; ~ 
a.lliecl to ot}:u.::r 
In £'act, so fccc as one J..S 
obtuinec1 en 
from 
the tor:::> concerned \Tl th 
be 
CCheref ore a 
19:0. 
of & 
the .raolectlie Y!as a n::;-J contribut ~on to phospholip:iCL 
tion of a coloured dori vati ve offered a nmv ar..>proac£·1 to tha 
isolation of cephalin, a tasl:: vrhic::1. had been conspicuo1~lsly in 
the past. J:his last ob,jective v.as brought to Et successf' '"l conclus:~on 
esterif'ication of the i'ree acid. groups of the d.erivati>te \7ith dit~\zomethane, 
ano.,chor reage:nt e.;:rri.nentl;y sui ted to tho chezJ.cal Llodif'ication 
The foregoing sw:.i.Lia.:r·ises the ~-Jain tre:nd of the research U11dertaken; 
integrs.tinc vrith this were studies of tl-1c J/Ll:t'ification a.nd. fractiar_.ation 
of phospholipids, tho direct rJ.eterrd.na ti on of lecithin ancl ce1;b.aJ.i.n by ti-
tration and the analysis of li~:Jid hyd:rol;ysates for chol.ine, et~:.aJ1':>larrline 
each of these to-pics was not developed q:t-Ji te fully, 
the Gl"'OD.!.1U ~;;orl:- T"ifas done and their possibilities CLenonstretteCL 
It :rer:ains to mention the most sti.tn:Lllatin:s erJ.C<Y..11"lter, which v-ras the 
incor:lJ?lete yield of a churacter:istic derivative 11;po:1 o:f JJI'-J?-lipid 
v;iti1 diazometh.ane~ 
accidents: tho ch oi cs- o i' a d:L":.:i. d.eri V.J.ti ve, the light 
absorption of Ythich ia -1 'G.flue~!:oed by hydrogen boncli:n.~::;, for the 
of' the ar:1:i:::1.o 2~roup ru"!.d second~y, the choice of a hydroczrbon and hence non-
bonding solvent, for the mcasu1 ... ement of a.bsorptio:rl sr)ectra~ 
there are other cla:ilns of the occurrence or complex aJnino:phos~Jholipicls, 
based upon fraction::".tL;n n .. r::.d isolation (to ·be discussed belmo;), thin is 
the f:Lrst direct .oviCience of' tl1eir vd~U.espreac1 occurrence in animal 
I-·i contrast to c.::arlier v,rork: in tnJ..s fie1C1, for 
(1951), described in 
Chapter 4, recent :t''esearch has ai :JBd at i;he is;)l:::.tio.n of more frag-
ments tt"li-J.:n the free 'base. 
techn.ique during this 
ployeCi me:ccury-catalysed. acid 
(195~ to remove 
acid a.:nd ·base, whid1 are 
o.s 
:;J;lu as a tool fo~c 
of 
studied. 
l1o.vc give-11 c<.. recent cor::JEJ.\.:r.·:~.icuticn o:· ths 
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qu.a:n.ti 
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(l954Ud WLU ;_cQld sapord.f'ication 
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:J.d_ent:Lfied :-:_,>apcr obronato-
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.b..as been 
(1953)~ 
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of 
or occur as 
Y1h:.1e it offers a better 
~) :yield; (
' ' 0/
not 
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1x~.secl upon 
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o!:' sub3ta.ncs::~ 
1!1ecithi:o.n 
TYlo vre.::fs o£' 
coloured, :na,. ue 
:::;.:;.:~~table cond.i tions to oUtain tl :,\.;_. In 
The latter 
of :radioact:. labelled rat l}.vel" it :riB.] be 
If :L t y:erc to de'ternine 
' 
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ticm .::1ole cuJ.e ~ 
-'cation of 
=~ei.necke to be non-
by a reaction as 
7, 
_,, 
i!./J..VC a:::. csti; ·1ate or--. total 
195. 
broadly to deter-
of acid an(l base. 
1-1ith total n:tGro-
c~rrrying the ti tratior~ ou.t :L"l ~~;lacial acetic acid, there 
VTO.S evidence of the ti tra:tion of a.tnino-ni trogen and 
a.:rnmoniw-n. :nitrogen* in the later case, a better inflection in 
the titratio:."l cm"'V'e would result if the titration 1Yere on a 
sf:-.rcple of lipid after :ceacti ·::.ll:r ~n'ith whereby the a.mino grou~p Y!OLlld 
~e converted to a rn.tJ.ch \Vea}<:cr cas:u::: :su.bsti tuent. Doterrninatio:n of acid 
groups in_ a total phospholipid titration in a.11 aqueous sys-
only sli,::;htly in excess of 
by <":ti:cect reaction 7t:L t~~: ?DiTB, although fractionated 
frequently contai:.ned acirl gro<1ps in excess of arrrlno-nitro-
gen " h , (C 1apter 6). The occu:rrence of acidic phospholipid5 as 
Olley (1956) rrr:,..y vrell thr_-; excess of acid eqcdvalents 
if thi_s is so, thco:n ::_t o2 
study. so fa:'"" as total ghospholipids are concenJ.eJ., no 
er:cor <:-rou10_ be introU.ucecl b~y· UI"'J.QLOV!l'l acidic 
J:'ol1oYilng the of' the 
rC;actioE of the DNP derivative vd.ti~ v. method for the 
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OH OH 
t I 
CHl.-R CH- CH 
I / ""-
CH _ 0- 'P- 0- C\-1 ./CH- 0- P- O-CH2 ·CH2 · NH 
2 /\t "- /""" I OH 0 CH- CH OH 0 S I I 
OH oH 
22'te:r-
xm.ne 
,, forra o:~· cere·urosid.e) v;r.hich, i.s not 
fro::' th::) fraction. Such a :if' 
libe::'atc<l upo:c1 acid hyd.rolysis, 1Hou~cl be rernoved 
neutralised DetormJnatio::l of' n.:!_ 
srultples &J.alysecl wotJ.lc1 have :;;'Jrovidec1 a valu-
to but has -~een re2rettably neglected i:n the present 
v;-ork~ Co:cL:1ents such z,s those vf.r.:ich follovi, on the method of 
B .. cicl, provide sane support fol~ th5.3 
For exarrple, Bra.'Yltc (19hS') found a proportion of 
199. 
s.n\1 Davrsorl It is conceivable that this fraction 
tc.:rms 
u.naccou:ntable nitrogen~ 
the _proced:ure of }3urmaster (19lt.Gb) in calculating: free am1no-:ni trosen in 
his of cephalin fractions obtained by the method of l?olch (191t2). 
Bu:rrna.ster (194Gb) determined ni tro~.';en in the the recovery of 
lipid-ni trozen from 99> for fraction III to 64,~ for fraction Vb 
est:E·:tate oi' amino-ni tro:~~en as a percentage of total nitrogen J.s cal-
in vier~r o.f possible 
contarnina tior::. Yritl·l ard .. ?lGs,. jx:.cludiEt.~ spl1ir1gosLne, v1!:1ich ma:r have been 
rern0\/0-cl ur·on e"tl:v;r extraction of the hydrolysate. If one :-n:::,~ces r.o recovery 
correction then the propa.rtlo:r: cf' amino-nitrogen to total nitrogen in his 
of fraction 7 is GJ~ ~, \"Ihich coco:pDres Tri th the result obtaiLed 
-r:ith 1:w o~:r:o. preparation (59/~, Chapter 6)~ 
;sasine as the 1955). The application. 
of thiG 
totr.l thar1 
vrould be achieved 
It has L oen poirlted out in Chapt~::r 6 tho.t tl12 excc:ss v.l ::1.on.-choline-
nj_ trogen over a.nd.no-:t1i 
fr:.::.tctio tained Ly (for 
',-;'i th the excess of acid 0\/'C.i"' al thOU[~l 
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a relationship bet-,vee:n tl-le of Klenk ar.1.d 
Debuch (195"Jfi and. the upolyglycerol 
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